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CARCINOMA    OF    ESOPHAGUS    WITH    PER- 
FOR.\TION    OF    AORTA* 


MOSES    BARRON,    B.S^    M.D. 

ST.    PAUL 


While  carcinoma  of  the  esophagus  is  by  no  means 
of  infrequent  occurrence,  the  case  here  described  pre- 
sents a  particularly  interesting  complication.  Although 
statistics  vary,  it  is  estimated  that  from  about  5  (von 
Hacker)  to  9  per  cent.  (McRae)  of  all  cancers  are 
esophageal.  Cancer  is  by  far  the  most  important 
tumor  of  the  esophagus. 

REPORT    OF     CASE 

p.  V.  H.,  man,  aged  58,  admitted  to  the  City  and  County 
Hospital,  St.  Paul,  June  13,  1915,  complaining  of  inabilitj^  to 
swallow  an}-  solid  food,  stated  that  about  two  months  before 
his  admission  a  portion  of  meat  which  he  had  attempted  to 
swallow  seemed  to  lodge  in  his  gullet  and  would  not  pass 
down  into  the  stomach.  He  attempted  to  wash  it  down  with 
a  glass  of  water,  but  this  resulted  in  both  water  and  meat 
regurgitating  through  the  nose  and  mouth.  There  was  no 
pain  present  at  this  time.  After  this  incident  he  was  unable 
to  swallow  solid  foods  of  any  kind.  The  ingestion  of  acids, 
alkalies  or  other  corrosive  poisons  was  denied.  Approximately 
eight  months  before  this  incident  a  fish  bone  had  stuck  in 
his  throat,  but  after  its  dislodgment  he  had  experienced  no 
further  trouble. 

Shortly  before  his  admission,  a  slight,  dull  pain  appeared 
under  the  lower  portion  of  the  sternum;  this  would  come  on 
shortly  after  rising  in  the  morning  and  disappear  during  the 
day.  Although  his  appetite  had  continued  good,  his  weight 
had  steadily  decreased  from  its  normal  level  of  230  pounds 
to  190  pounds  at  the  time  of  admission  to  the  hospital.  There 
was  no  historj-  of  tuberculosis  or  cancer  in  the  family. 

During  his  stay  in  the  hospital,  several  attempts  to  intro- 
duce the  stomach  tube  failed  completely.  Examination  ol  the 
urine  presented  no  abnormal  features.    The  Wassermann  reac- 

*  Read  before  the  Minnesota  Pathological   Society,  Oct.   19,   1915. 

•  From  the  Department  of  Pathology,  Bacteriology  and  Public  Health, 
University  of  Minnesota  Medical  School,  Minneapolis,  and  Pathological 
Laboratory,   City   and   County  Hospital,   St.   PauL 


tion  was  negative.  Stools,  July  31,  gave  a  strong  reaction  for 
occult  blood.  Report  on  fluoroscopic  examination  of  the  stom- 
ach on  June  18  reads  as  follows : 

The  bismuth  meets  an  obstruction  at  the  lower  part  of  the  esophagus 
which  bulges  out  the  esophageal  wall  into  a  pouch  from  which  bismuth 
can    be    seen   flowing   into   the   stomach   like   the   sand    in   an    hourglass. 

A  second  fluoroscopic  examination,  July  22,  gave  a  similar 
result.  In  order  to  eliminate  the  possibility  of  functional 
spasm,  which  had  been  suggested  as  an  explanation  of  his 
symptoms,  a  hypodermic  injection  of  ^/loo  grain  of  atropin 
was  given  during  the  fluoroscopic  examination  without  in  any 
degree  changing  the  result. 

Temperature  and  pulse  remained  about  normal.  A  few  days 
before  death  the  patient  complained  of  pain  in  the  abdomen. 
Seven  hours  before  his  demise  he  had  a  slight  hemorrhage 
from  his  mouth.  He  became  cyanosed,  and  his  pulse  per- 
ceptibly weakened.  Three  hours  later  there  occurred  a  sec- 
ond hemorrhage  with  marked  diminution  of  the  patient's 
strength.  The  patient  died  fifteen  minutes  after  a  third  hem- 
orrhage. 

I  performed  the  necropsy  fifteen  hours  after  death.  The 
essential  features  of  the  postmortem  findings  are  as  follows : 

The  body  is  very  well  developed  and  fairly  well  nourished. 
Opening  the  peritoneal  cavity  revealed  the  stomach  and  duo- 
denum enormously  distended,  and  discolored  by  their  con- 
tents a  dark  purplish  hue.  The  stomach,  on  being  opened, 
is  found  to  contain  about  4  liters  of  fluid  and  clotted  blood. 
The  duodenum  and  intestinal  tract  also  contain  large  quanti- 
ties of  fluid  and  clotted  blood  which,  in  the  lower  portion  of 
the  bowel,  are  tarry  in  color  and  consistence.  The  lower 
half  of  the  esophagus  presents  a  turnor  mass  which  on  its 
posterior  surface  infiltrates  the  aorta,  near  the  junction  of 
the  transverse  and  descending  portions  of  the  arch.  Several 
lymph  nodes  at  the  bifurcation  of  the  trachea  are  enlarged  to 
about  the  size  of  hazelnuts,  firm  in  consistence,  and  of  grayish 
color  on  cross  section.  A  large  nodular  tumorous  mass  (Fig. 
1,  e),  about  5  cm.  in  diameter,  lies  in  the  region  of  the  lesser 
curvature  of  the  stomach.  On  cross  section  this  mass  has 
a  softened  necrotic  center,  semifluid  in  consistence  and  yel- 
lowish in  color.  The  posterior  surface  of  the  left  lobe  of  the 
liver  lies  in  contact  with  this  mass,  and  is  adherent  to  it  in 
two  places.  Over  these  areas  the  capsule  of  the  liver  is  appar- 
ently infiltrated,  and  on  section  this  line  of  infiltration  aver- 
ages about  2  mm.  in  thickness. 

The  esophagus,  trachea  and  aorta  are  removed  en  masse. 

When  the  esophagus  is  opened,  the  lumen  of  the  lower 
half  (Fig.  1)  is  found  irregular,  nodular,  ulcerated,  very 
ragged  and  necrotic,  and  reddish-brown.  There  is  apparently 
no  stenosis  present.  The  involvement  is  annular,  beginning 
just  at  the  level  of  the  bifurcation  of  the  trachea  and  extend- 
ing downward  for  a  distance  of  13  cm.     The  upper  margin 


(a)  is  indurated,  raised,  and  somewhat  undermined.  The 
lower  margin  (b)  is  irregular,  and  has  a  thickened  overhang- 
ing edge,  which  on  the  average  is  about  1  cm.  above  the  car- 
diac orifice,  excepting  posteriorly,  where  the  uninvolved  area 


Fig.  1. — Lower  half  of  esophagus  opened,  showing  the  ulcerated 
tumor  mass.  The  perforation  is  at  the  mass  of  blood  clot  (c).  The 
darker  portion  at  the  bottom  is  the  cardia  of  the  stomach. 

tapers  to  a  point  about  5  cm.  above  the  orifice.  At  the  upper 
end  of  the  tumor  posteriorly,  a  small  ragged  mass  of  blood 
clot  (c)   infiltrates  the  necrotic  wall.     Opening  of  the  aorta 


(Fig,  2)  reveals  two  small  necrotic  areas  (d),  each  about  5 
mm.  in  diameter  and  about  1  cm.  apart,  situated  3  cm.  distal 
to  the -scarring  of  the  obliterated  ductus  arteriosus.  These 
necrotic   areas, '  on   being  carefully  probed,   are   found   to  be 


I'ig.  2. — Same  mass  as  in  Figure  1,  but  seen  from  behind,  showing 
the  aorta.  At  d  are  the  two  perforations  of  the  aorta.  At  e  is  a 
mass  of  enlarged  infiltrated  lymph  nodes,  seen  also  in  Figure  1  e. 

perforations  communicating  with  the  posterior  wall  of  the 
esophagus  in  the  region  of  the  aforementioned  adherent 
blood  clot. 


Microscopically,  the  tumor  is  composed  of  a  very  loose  con- 
nective tissue  stroma  through  which  are  scattered  epithelial 
cells  arranged  in  small  groups,  cords,  and  interlacing  bundles, 
showing  extensive  cornification.  These  collections  of  corni- 
fied  epithelial  cells,  though  very  numerous,  are  individually 
very  small,  and  the  "epithelial  pearls"  thus  produced  differ 
from  the  "pearls"  in  skin  cancer  not  only  in  their  smaller 
size  but  also  in  the  less  complete  cornification  of  the  centers. 
There  is  almost  complete  destruction  of  the  muscular  layers 
of  the  esophagus  throughout  the  entire  extent  of  the  tumor. 


Fig.  3. — Low  power  photomicrograph  of  section  taken  at  point_  d. 
Figure  2.  The  perforation  is  at  the  lower  edge.  At  g  only  the  intima 
is  present.  It  is  necrotic  and  infiltrated  with  large  numbers  of 
bacilli.  The  media  and  adventitia  are  entirely  destroyed.  At  /  is  a 
layer  of  exudate  on  the  adventitia  composed  of  fibrin,  cellular  debris, 
leukocytes   and   bacteria. 


Areas  of  necrosis  are  numerous,  and  around  these  there  is 
an  extensive  infiltration  of  both  polymorphonuclear  leukocj^es 
and  lymphocytes.  Section  of  the  aorta  at  one  of  the  points 
of  perforation  (Fig.  3)  shows  marked  necrosis  accompanied 
by  leukocytic  infiltration  of  all  three  coats.  An  extensive 
exudate  of  fibrin,  leukocytes  and  bacteria  is  present  on  the 
adventitia  (/).     The  intima  shows  various  stages  of  degen- 


eration  and  necrosis,  accompanied  by  infiltration  of  numer- 
ous leukocytes  (g).  In  these  necrotic  areas  there  are  present 
an  exceedingly  large  number  of  bacilli,  which  resemble  mor- 
phologically the  Oppler-Boas  type. 

COMMENT 

Just  as  in  all  cancers  which  are  exposed  to  infec- 
tion, the  presence  of  secondary  processes  in  this  case 
seems  to  have  contributed  largely  toward  bringing 
about  the  final  fatal  outcome.  It  is  rather  noteworthy 
that  in  the  microscopic  sections  relatively  few  tumor 
cells   can   be    found   invading   the   adventitia   of   the 


Fig.  4. — High  power  photomicrograph  of  section  shown  in  Figure  3, 
showing  the  slight  carcinomatous  infiltration  of  adventitia  at  h.  The 
inflammatory   exudate   is  seen   at  /. 

aorta  (h),  while  the  media  and  intima  are  apparently 
entirely  free  from  invasion.  Since  the  amount  of 
infection  is  relatively  great,  and  the  amount  of  can- 
cerous infiltration  small,  it  is  logical  to  conclude  that 
the  destructive  inflammatory  processes  which  accom- 
panied the  ulcerating  tumor  greatly  contributed  in 
bringing  about  the  final  perforation  of  the  aorta.  To 
these  factors,  of  course,  must  also  be  added  the  results 
of  the  blood  pressure  within  the  aorta  and  the  destruc- 


tive  effects  of  the  boluses  of  food  passing  down  the 
gullet. 

It  certainly  appears  true,  however,  that,  in  this  loca- 
tion, serious  sequelae  may  result  from  cancerous  infil- 
tration, which  is  relatively  much  less  extensive  than 
that  necessary  to  bring  about  equally  grave  results,  for 
example,  in  the  stomach  or  intestines.  This  may  be 
explained  by  the  fact  that,  in  the  latter  organs,  the 
infective  processes  are  accompanied  by  a  greater  pro- 
tective reaction -on  the  part  of  the  connective  tissues. 

ETIOLOGY 

Carcinomas  of  the  esophagus  develop  principally  at 
the  physiologic  constrictions  of  this  organ, ^  that  is, 
at  the  cricoid  cartilage,  at  the  bifurcation  of  the  trachea 
(most  frequently),  and  at  the  diaphragm.  Foreign 
bodies,  and  chronic  irritations  from  alcohol  and 
tobacco-  associated  with  some  cellular  predisposition^ 
have  all  been  suggested  as  etiologic  factors.  Men  are 
much  more  frequently  affected  than  women,  in  Kauf- 
mann's  series  the  ratio  being  seven  men  to  one  woman. 
Aschoff  states  that  carcinoma  of  the  esophagus  is 
about  five  times  more  fre'quent  in  the  male  than  in  the 
female. 

As  with  carcinomas  in  other  locations,  carcinoma  of 
the  esophagus  generally  occurs  in  people  past  middle 
age,  most  frequently  during  the  sixth  decade.  It  is 
rare  before  the  age  of  40,  although  Kaufmann  notes 
Heimann's  case  of  esophageal  cancer  in  a  girl  19  years 
old.  He  also  cites  a  case  of  his  own  in  a  girl  21  years 
old  in  whom  a  small  ulcerating  squamous  cell  carci- 
noma was  found  in  the  upper  part  of  the  esophagus 
with  large  metastases  into  the  lymph  nodes  of  the 
neck.  J.  B.  Cook^  reports  a  case  of  epithelioma  of  the 
esophagus  in  a  woman,  aged  26,  who  had  been  losing 
flesh  for  a  period  of  about  three  months,  and  had 
great  difficulty  in  swallowing  even  liquids.  No 
bougies  could  be  introduced.  At  necropsy,  carcinoma 
of  the  esophagus  was  found  beginning  in  the  region 
of  the  cricoid  cartilage  and  extending  downward  for 
a  distance  of  about  4  inches.  It  appears  that  cancer 
in  this  location,  that  is,  in  the  region  of  the  cricoid, 

1.  Aschoff:  Pathologische  Anatomic,  ii,  726. 

2.  Kaufmann:    Specielle   pathologische  Anatomic,   Ed.    6,   i,  410. 

3.  Cook,  J.  B.:   Brit.  Med.  Jour.,   1909,  i,  1416. 
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affects  women  more  often  than  men,  and  that  it  occurs 
much  earHer  in  life. 

Steward  and  MolHson*  report  twenty-two  cases,  of 
which  nineteen  were  in  men  and  three  were  in  women. 
The  ages  of  the  women  were  22,  35  and  35,  respec- 
tively, while  of  the  men  the  ages  ranged  between  "hJ 
and  82,  with  an  average  of  58.5  years.  Ulceration  of 
the  growth  into  the  trachea  with  resulting  pneumonia 
was  the  most  frequent  cause  of  death  in  this  series. 
Nearly  all  patients  complained  of  pain  in  swallowing, 
while  the  most  constant  symptom  was  the  inability  to 
swallow  solids.  Roentgen  examination  gave  practi- 
cally no  assistance  in  the  diagnosis,  and,  indeed,  in 
several  instances  was  directly  misleading. 

PATHOLOGY 

Aschoff^  classifies  the  carcinomas  of  the  esophagus 
in  three  main  groups : 

1.  Scirrhous. — This  type  is  nodular,  infiltrating, 
and  generally  produces  stenosis.  Metastases  may  be 
absent,  though  sometimes  these  are  extensive,  even 
where  the  primary  lesion  *  is  very  small.  Micro- 
scopically, there  are  narrow  cords  of  a  basal  cell  type 
of  epithelial  cells  surrounded  by  dense  bands  of  con- 
nective tissue. 

2.  Medullary. — This  type  shows  a  larger  growth 
with  extensive  ulceration  and  necrosis.  (The  case 
under  consideration  belongs  to  this  group.)  Micro- 
scopically, there  are  broad  cords  of  cornified  epithelial 
cells.  Numerous  areas  of  softening  and  necrosis  are 
usually  present. 

3.  Papillary. — This  type  is  composed  of  nodular 
papillary  masses  having  broad  bases.  Central  ulcera- 
tions may  occur.  Microscopically,  the  picture  fre- 
quently presents  a  mixture  of  cylindric  cells,  squa- 
mous cells,  and  adenocarcinomatous  formations. 

Charles  Hope^  reports  a  case  of  columnar  cell  car- 
cinoma of  the  esophagus  in  a  man,  aged  25.  The 
patient  had  dysphagia  and  marked  emaciation.  At  the 
postmortem  a  growth  was  found  5  inches  long  which 
extended  down  into  the  cardiac  end  of  the  stomayh  for 

4.  Stewart  and  MolHson:  Guy's  Hosp.  Rep.,  London,  1912,  Ixvi, 
Series  iii,  51. 

5.  Hope,  Charles:  Proc.  Roy.  Soc.  Med.,  1911-1912.  Laryngological 
Section,   5,  Part  2,  p.   84. 


a  distance  of  one-quarter  inch.  There  was  a  fistula  pres- 
ent leading  into  the  pericardium,  where  a  large  quantity 
of  pus  was  found.  There  was  also  an  extensive  double 
emp3ema  present.  Secondary  cancerous  deposits  were 
found  in  the  liver.  In  this  case  there  was  a  question  as 
to  whether  the  tumor,  being  a  columnar  cell  type,  did  not 
originate  primarily  in  the  stomach  and  spread  upward, 
instead  of  originating  in  the  esophagus  and  spreading 
to  the  stomach.  The  doubt  as  to  the  primary  location 
of  the  tumor  is  well  founded,  first,  because  the  colum- 
nar cell  type  of  tumor  is  rare  in  the  esophagus  (Hew- 
lett cites  six  cases)  but  common  in  the  stomach;  and, 
second,  because  carcinoma  of  the  esophagus  rarely 
spreads  downward  into  the  stomach.  It  generally 
stops  just  at  or  above  the  orifice.^  Some  authors 
assert  that  many  of  the  cancers  in  the  lower  part  of  the 
esophagus  which  involve  the  cardia  are  most  probably 
primary  in  the  stomach. 

SYMPTOMS 

The  most  constant  symptom  is  the  inability  to  swal- 
low solid  food.  This  difficulty  is  not  due  entirely  to 
the  stenosis,  which  may  be  present,  but  is  undoubtedly 
due  partly  to  the  destruction  of  the  muscle  fibers  by 
the  infiltrating  growth.  This  is  certainly  well  illustrated 
in  the  present  case.  It  is  important  to  note  in  this  con- 
nection that  the  patients  sufiFering  from  simple  or  func- 
tional spasm  emphasize  mostly  their  difficulty  to  swal- 
low liquid  foods,  while  those  sufiFering  from  organic 
or  true  obstruction  complain  principally  of  the  great 
distress  brought  on  by  attempting  to  swallow  solid 
foods.  That  is,  in  simple  spasm  they  regurgitate 
mostly  liquids,  while  in  organic  obstruction  the  liquids 
may  be  swallowed  with  ease,  but  the  solids  may  not 
pass  down  into  the  stomach  at  all. 

Pain  in  swallowing  is  a  very  frequent  complaint,  but 
comes  on  probably  only  after  the  growth  is  already  well 
developed.  Lewisohn'  asserts  that  cancer  of  the 
esophagus  is  a  most  insidious  disease,  and  that  early 
symptoms  of  anorexia,  oppression  in  chest,  burning 
pains,  etc.,  may  be  present  for  several  months  before 
any  difficulty  in  swallowing  sets  in.  He  states  that 
esophagoscopy  is  of  the  greatest  value  in  diagnosing 
these  cases  earlv. 


6.  Peplcr,  W.  H.:   Canadian  Jour.   Med.  and  Surg.,   1909,  xxvi,  345. 

7.  Lewisohn:   Med.   Rec,   New   York,    1913,  Ixxxiv,   65. 
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COMPLICATIONS 


The  regurgitation  of  food  material  mixed  frequently 
with  necrotic  tumor  masses,  together  with  the  pro- 
gressive weakening  of  the  patient,  explains  the  fre- 
quency of  death  by  aspiration  pneumonia  and  gangrene 
of  the  lung.  Perforation  of  the  trachea  or  bronchi  also 
results  in  aspiration  pneumonia.  There  may  also  be 
infiltration  with  perforation  in  the  pleural  and  peri- 
cardial cavities,  resulting  in  purulent  serositis,  pneu- 
mothorax, etc.  Perforation  of  the  aorta  (or  of  other 
blood  vessels)  results  in  sudden  death  through  hemor- 
rhage. Kaufmann^  encountered  only  four  such  com- 
plications in  his  series  of  126  cases  of  carcinoma  of  the 
esophagus.  Levy  Valensky^  describes  a  case  of 
esophageal  cancer  with  perforation  of  the  aorta.  The 
patient  spat  blood,  and  a  clinical  diagnosis  of  central 
pneumonia  was  made.  At  necropsy  an  ulcerated  car- 
cinoma was  found  with  two  perforations  into  the  aorta. 
A  careful  review  of  the  literature  shows  the  great 
rarity  of  such  a  complication.  There  may  also  be 
destruction  of  the  bodies  of  the  vertebrae  with  com- 
pressions of  the  spinal  cord,  giving  rise  to  deformities. 

Metastases  are  not  very  frequent  excepting  into  the 
surrounding  lymph  nodes.  It  is  somewhat  peculiar 
that  large  tumorous  growths  may  show  few  or  no 
metastases,  while  small  carcinomas  may  show  exten- 
sive secondary  deposits.  The  liver  and  the  lungs  are 
sometimes  secondarily  involved.  I  have  examined  at 
necropsy  two  other  cases  of  carcinoma  of  the  esopha- 
gus, since  the  present  case  was  studied.  One  case 
showed  only  the  faintest  gross  evidences  of  carcinoma- 
tous involvement  of  the  esophagus.  Indeed,  only  a 
microscopic  study  made  the  diagnosis  definite.  The 
metastases,  however,  were  very  prominent,  showing 
large  carcinomatous  nodules  in  liver,  spleen,  kidneys, 
lungs  and  pleura.  The  other  cases  presented  an  annu- 
lar carcinoma  at  the  tracheal  bifurcation.  The  steno- 
sis was  almost  complete.  The  esophagus  was  infil- 
trated and  thickened  to  about  1.5  cm.  No  metastases 
were  present,  even  in  any  of  the  surrounding  lymph 
nodes.  The  patient  in  this  case  died  of  starvation, 
being  ultimately  unable  to  swallow  even  liquids  except 

8.  Valensky,  Levy:  Bull,  et  mem.  Soc.  anat.  de  Paris,  1910,  Ixxxv, 
140. 
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in  the  minutest  quantities.  Borrman"  cites  a  very 
interesting  case  of  three  apparently  primary  tumors 
of  the  esophagus  with  metastases  into  many  organs, 
including  fourteen  pea-size  tumor  nodules  scattered 
through  the  intestinal  wall  from  jejunum  to  sigmoid. 
These  nodules  were  situated  principally  opposite  the 
mesenteric  attachment,  and  the  overlying  mucosa  was 
everywhere  intact.  Microscopically,  all  of  the  tumor 
masses  were  of  the  squamous  cell  type  found  in  the 
esophagus.  He  concludes  from  his  careful  studies  that 
these  metastases  must  have  occurred  through  the  blood 
stream.  He  rules  out  the  lymphatics  as  the  route  of 
dissemination  because  of  the  disposition  of  the  tumors 
(opposite  the  mesenteric  attachment)  and  because  the 
mesenteric  lymph  nodes  everywhere  were  uninvolved. 
He  rules  out  implantations  (a  condition  which  he  con- 
siders exceedingly  rare)  by  the  fact  that  the  overlying 
epithelium  was  intact.  Also,  according  to  Bucher,^** 
the  masses  of  tumor  tissue  which  break  away  from  the 
primary  growth  are  generally  extensively  necrotic,  and 
it  is  hard  to  conceive  that  such  tissues  could  become 
implanted  on  a  healthy  epithelium.  Borrman  was 
convinced  that  the  middle  tumor  (at  the  tracheal  bifur- 
cation) was  the  true  primary  tumor,  and  that  the 
upper  one  (at  the  cricoid)  and  the  lower  one  (near  the 
orifice  and  involving  the  cardia)  were  only  metastases.- 

DIAGNOSIS    AND    TREATMENT 

Roentgenoscopy  does  not  prove  very  satisfactory  in 
these  cases,  according  to  most  authors.  Libman^^  cites 
a  case  of  carcinoma  of  the  esophagus  with  perforation 
into  the  trachea  which  was  diagnosed  as  tuberculosis. 
The  fluoroscopic  picture  in  this  case  helped  to  mislead 
in  the  diagnosis.  The  bronchoscope  is  of  greater  value, 
especially  in  early  cases,  but  even  then  only  in  the 
hands  of  those  skilled  in  the  use  of  the  instrument. 

If  diagnosed  early,  the  treatment  of  the  upper  and 
lower  tumors  of  the  esophagus  is  surgical.  Those  in 
the  region  of  the  bifurcation  are  much  less  accessible. 
Torek,'-  however,  describes  a  successful  case  of  resec- 

9.  Borrman,  Robert:  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.  (Ziegler's), 

1910,  xlviii,   576. 

10.  Bucher,  Robert:  Beitr.  z.  path.  Anat.  u.  z.  allg.  Path.  (Ziegler's), 
1893,  xiv,  71. 

11.  Libman:   Proc.  New  York  Path.  Soc,  1906-1907,  N.  S.  6-7,  p.   17. 

12.  Torek:  Surg.,  Gynec.  and  Obst.,  1913,  xvi,  614. 
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tion  of  the  thoracic  portion  of  the  esophagus  in  a 
woman  aged  67. 

Many  patients  obtain  temporary  reHef  from  the  care- 
ful and  systematic  passage  of  bougies  and  esophageal 
dilators.  This  makes  swallowing  much  less  difficult. 
Gastrostomies  are  sometimes  performed  to  help  pro- 
long life  in  cases  in  which  the  stenoses  are  very 
marked. 

CONCLUSION 

I  wish  to  emphasize  several  points  relative  to  esopha- 
geal cancer : 

1.  Perforation  of  the  aorta  is  relatively  rare. 

2.  The  bronchoscope  is  of  great  value  for  early  diag- 
nosis, but  must  be  used  with  extreme  caution  in  the 
advanced  stages. 

3.  The  almost  general  complaint  of  patients  affected 
with  esophageal  cancer  is  their  inability  to  swallow 
solids,  in  contradistinction  to  the  regurgitation  of 
liquids  complained  of  in  cases  of  simple  spasm.  In 
the  case  reported  above,  the  onset  of  this  symptom 
was  sudden,  occurring  long  before  pain  developed,  and 
it  persisted  to  the  end. 

4.  It  is  important  to  bear  in  mind  the  dangers  of 
esophageal  manipulations  with  bougies,  stomach  tubes, 
dilators  and  esophagoscopes  in  cases  of  suspected  car- 
cinoma of  the  esophagus.  Such  examination  in  the 
later  stage  of  the  present  case  would  most  likely  have 
resulted  in  traumatic  rupture  of  the  aorta  with  sudden 
fatal  hemorrhage. 

5.  Fluoroscopy  and  the  Roentgen  ray  are  of 
undoubted  value  in  the  diagnosis  of  tumors  in  the 
lower  part  of  the  esophagus,  but  are  of  little  value  and 
frequently  misleading  in  tumors  of  the  upper  part. 


Rel^rinted  from  The  Journal  of  the  American  Medical  Association 
Nov.    25,   1916,    Vol.    LXVII,    pp.    1585:1587 
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A  HIGHLY   DIFFERENTIATING   POLYCHROMATIC 
TOLUIDIN-BLUE  STAIN* 


By  Moses  Barron,  M.D.,  Minneapolis,  Minn. 


ANYONE  working  in  a  clinical-pathologic  laboratory  realizes  the  need  for 
reliable  stains  that  possess  the  virtues  of  precise  dififerentiating  powers,  as 
well  as  simplicity  and  rapidity  of  technic.  The  almost  countless  number  of 
stains  that  go  to  make  up  the  armamentarium  of  the  laboratory  technician  tes- 
tify to  the  continuous  efforts  of  many  workers  towards  discovering  serviceable 
stains. 

For  many  years,  I  have  been  impressed  with  the  polychromatic  qualities 
of  toluidin-blue.  I  became  acquainted  with  the  dye  as  an  ingredient  of  Ponder's 
stain  for  diphtheria  bacilli.  I  tried  various  combinations  to  increase  its  poly- 
chromatic properties,  until  one  of  our  laboratory  technicians,  Richard  Lund- 
quist,  suggested  the  idea  of  boiling  the  dye  with  an  alkali.  Heretofore,  this  proc- 
ess was  used  chiefly  in  obtaining  various  color  compounds  from  methylene  blue. 
For  instance,  Unna's  polychrome  methylene  blue  is  prepared  by  boiling  methy- 
lene blue  with  potassium  carbonate.  Similarly,  the  production  of  various  azures 
is  described  by  Tribondeau.^  Goodpasture-  describes  a  serviceable  acid  poly- 
chrome stain.  But  the  polychromatic  qualities  obtainable  from  toluidin-blue 
seem  to  excel  all  the  others  in  the  sharpness  of  differentiation.  Although  its 
special  usefulness  lies  in  staining  frozen  sections  for  rapid  diagnosis,  it  is  of 
distinct  value  in  a  large  number  of  routine  laboratory  procedures. 

The  preparation  of  the  stain  is  as  follows : 


Toluidin-blue 

1.0 

Potassium  carbonate 

1.0 

Distilled  water 

400.0 

Boil  solution  in  glass  beaker  until  it  is  reduced  to  300  c.c. 
Cool ;    then    add  : 


Toluidin-blue 

2.0 

Sodium  chloride 

30 

Glacial  acetic  acid 

12.0 

Alcohol 

15.0 

Stir  mixture  until  ingredients  are  completely  dissolved.  It  is  ready  for 
use  at  once,  and  can  be  used  over  and  over  again.  It  does  not  precipitate  and 
keeps   indefinitely. 

The  following  technic  is  employed  in  staining  frozen  sections  for  rapid 
diagnosis.  A  piece  of  tissue  which  is  not  more  than  3  mm.  in  thickness  is 
dropped  into  boiling  10  per  cent  formalin  for  about  one  minute.  Fresh  tissue 
without  hardening  may  be  used  in  many  cases  but  the  sections  are  more  diffi- 
cult to  handle.     The  tissue  is  cut  with  the  freezing  microtome,  and  the  sections 


*From   the   Laboratory   of   Pathology   of  the   Medical    School    of  the    University   of   Minnesota,   Minne- 
apolis, Minn. 


are  placed  in  a  dish  containing  physiologic  salt  solution.  The  sections  are 
quickly  straightened  out  and  carried  over  into  a  small  dish  of  the  stain  where 
they  are  left  for  about  fifteen  seconds.  They  can  be  left  for  a  much  longer 
time  without  overstaining.  The  sections  are  then  transferred  to  another  dish 
of  physiologic  salt  'solution  where  they  are  rapidly  washed  for  a  few  seconds 
to  remove  the  excess  of  stain,  and  then  are  at  once  mounted  in  the  same  solu- 
tion on  a  slide,  and  a  coverslip  applied.  The  section  is  now  ready  for  examina- 
tion. The  entire  process,  from  the  time  the  section  is  cut  to  the  completed 
preparation  for  microscopic  study,  need  not  take  more  than  one  minute  in  most 
instances. 

I  have  found  that  by  handling  the  sections  in  physiologic  salt  solution  and 
by  having  approximately  1  per  cent  salt  in  the  stain,  the  outlines  of  the  cells 
and  their  nuclei  are  clearer  and  sharper  in  the  resulting  preparation.  The 
acetic  acid  in  the  stain  helps  to  accentuate  the  nuclei,  while  the  alcohol  aids 
in  straightening  out  the  section  after  its  transference  into  the  last  salt  solution. 

Sections  stained  by  this  method  give  approximately  the  following  micro- 
scopic pictures.  The  cytoplasm  of  epithelial  cells  stains  a  purplish  blue  of 
varying  intensity  depending  upon  the  age  of  the  cell.  The  younger  the  cell, 
the  deeper  the  stain.  The  stratum  germinativum  of  the  skin,  therefore,  takes  a 
deeper  stain  than  the  stratum  corneum.  The  nuclei  stain  deep  purple.  Tumor 
cells,  like  those  of  carcinomata,  stain  deep  purplish  blue.  Mitotic  figures  show 
up  very  distinctly,  as  the  chromosomes  stain  a  purplish  black.  Hyaline  con- 
nective tissue  stains  pink  and  the  intensity  of  the  color  is  proportional  to  the 
degree  of  hyalinization  present.  The  nuclei  of  the  leucocytes  take  a  very 
deep  purple,  while  the  cytoplasm  stains  only  feebly  bluish.  The  granules  of 
the  neutrophiles  stain  faintly  bright  green.  The  granules  of  the  basophiles  are 
dark  purple,  almost  black.  Plasma  cells  are  easily  identified.  The  cytoplasm 
is  a  light  purplish  blue,  while  the  excentric  nucleus  appears  reticular  and  takes 
a  deep  purple  color.  An  achromatic  zone  surrounds  the  nucleus.  Erythrocytes 
do  not  stain  but  appear  greenish  yellow.  The  endothelial  cells  lining  blood  ves- 
sels and  lymph  spaces  stain  light  bluish  purple. 

The  myelin  sheaths  of  nerve  fibers  are  bright  purple,  while  the  cytoplasm 
of  the  cells  is  bluish  green.  Cartilage  stains  a  deep  purple.  Elastic  fibers  are 
brilliant  green.  Cells  containing  fat  droplets  present  a  dirty  brown  appear- 
ance. Because  of  this  the  zones  in  the  lobules  of  a  liver  involved  in  chronic 
passive  congestion  with  fatty  metamorphosis  stand  out  verj-  prominently.  In 
the  adrenal,  the  cortex  appears  brown  while  the  medulla  is  light  blue. 

Atherosclerosis  of  the  aorta  gives  a  beautiful  picture.  Atheromatous  patches 
containing  fat  droplets  are  brown ;  elastic  fibers  are  brilliant  bluish  green ;  and 
hyalinized  connective  tissues  are  pink. 

Besides  the  staining  of  tissues,  the  examination  of  stools  for  ova  and  para- 
sites is  facilitated  W  the  use  of  this  stain.  A  drop  of  emulsified  stool  is  mixed 
with  a  drop  of  the  stain  on  a  slide,  and  a  coverslip  applied.  Practically  all 
the  elements  in  the  normal  stool  take  a  purpli?h  red  color.  If  ova  of  any  of 
the  tenia  be  present,  they  stand  out  as  regular  yellowish  or  golden  yellow  bodies 
against  a  purple  background.  The  identification  of  the  ova  thus  becomes  a 
simple  matter  because  they  appear  so  different  from  any  other  elements  present. 


I 


But  the  stain  is  even  more  valuable  for  identifying  amebae  in  stools.  Hitherto 
a  correct  diagnosis  of  ameba  could  be  made  only  through  the  examination  of 
a  warm  stool  on  a  warming  stage.  With  this  stain,  amebse  can  readily  be  iden- 
tified by  taking  a  drop  of  the  mucoid  portion  of  the  stool  and  mixing  it  with 
a  small  drop  of  the  stain.  The  cytoplasm  of  the  amebse  takes  on  a  purplish  blue 
and  the  outline  of  the  cells  becomes  very  sharp.  The  nucleus  often  shows  very 
distinctly.  Vacuoles  and  ingested  particles  become  prominent.  The  amebse  can 
be  recognized  with  the  low  power  by  their  size,  regularity  in  form,  sharpness 
of  cell  outline,  and  the  deeper  bluish  tinge  of  the  cytoplasm  than  that  of  most 
of  the  other  elements  present.  The  absolute  identification  can  then  be  made 
by  means  of  the  high  power  dry  lens. 

Diphtheria  bacilli  show  up  excellently  with  this  stain.  The  smear  is  flooded 
with  the  stain  and  steamed  gently  for  about  ten  to  fifteen  seconds.  It  is  then 
washed  and  dried.  The  granules  appear  a  deep  brilliant  purplish  red,  while  the 
rest  of  the  cell  bodies  stain  a  light  purplish  blue. 

Because  of  the  simplicity  and  the  quite  general  usefulness  of  this  stain 
1  feel  justified  in  reporting  its  formula. 
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MENINGITIS  IN  THE  NEWBORN  AND  IN  EARLY  INFANCY. 
By  Moses  Barrox,  M.D., 

lONNEAPOUS,    HINXESOTA. 


Introductiox.  Although  meningitis  is  a  disease  quite  common 
in  childhood,  it  is  one  that  is  exceedingly  rare  during  the  early 
months  of  infancy.  In  making  a  rather  careful  review  of  the  liter- 
ature, I  have  been  able  to  find  only  39  cases  reported  in  infants 
under  three  months  old.  Of  these  39  cases,  19,  including  the  case 
to  be  reported  in  this  paper,  were  in  the  newborn. 

The  etiology  in  these  cases  was  interesting,  especially  in  the  new- 
born. Of  the  19  cases  in  this  series,  7  were  caused  by  the  same  t\'pe 
of  bacillus  which  was  isolated  in  pure  culture  from  the  present  case, 
the  Bacillus  coli;  6  cases  were  caused  by  the  staphylococcus  and 
streptococcus.  The  infection  of  most  of  these  was  through  a  spina 
bifida,  a  condition  present  in  nearly  every  one  of  this  group.  Two 
were  caused  by  the  pneumococcus  and  one  each  by  meningococcus, 
Bacillus  mucosus  capsulatus.  Bacillus  lactis  aerogenes  and  Bacillus 
pyocyaneus. 

The  relatively  frequent  occurrence  of  colimeningitis  among  the 
newborn  is  emphasized  by  AUard,^  who  states  that  this  is  the 
commonest  form  encountered.  He  believes  that  infants  and  children 
are  specially  predisposed  to  meningeal  diseases.  Moll-  claims  that 
colimeningitis  in  nurslings  is  generally  consequent  to  colicystitis. 
This  statement  is  not  substantiated  by  a  careful  study  of  the  liter- 
ature. Indeed,  it  is  definitely  stated  in  several  cases  that  examina- 
tion of  the  urine  showed  nothing  abnormal  and  that  the  specimens 
were  sterile. 

Holt^  reviews  a  series  of  300  of  his  own  cases  of  meningitis  in 
infants  up  to  three  years  old.  The  Bacillus  tuberculosis  was  respon- 
sible for  70  per  cent,  of  this  series,  but  only  1  per  cent,  was  in  infants 
under  three  months  old.  He  shows  by  statistics  from  the  city  of 
New  York  and  from  his  own  practice  that  if  epidemic  meningitis 

*  Die  Lumbalpunktion.  Ergebnisse  der  inneren  Medizin  und  Kinderheilk.,  1909, 
Bd.  iii,  S.  100. 

*  Prag.  med.  Wchnschr.,  1907. 

'  Observations  on  300  Cases  of  Acute  Meningitis  in  Infants  and  Young  Children, 
Am.  Jour.  Dis.  of  Child.,  1911,  i,  26. 
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be  excluded,  from  55  per  cent,  to  70  per  cent,  of  all  cases  of  menin- 
gitis in  infants  and  young  children  are  tuberculous  in  origin.  Prac- 
tically no  cases  of  colimeningitis  are  reported  in  children  over  six 
months  old.  Smith^  states  that  75  per  cent,  of  all  cases  of  tuber- 
culous meningitis  in  children  occur  before  the  fifth  year.  The 
largest  number  occur  during  the  second  year.  He  also  mentions 
the  fact  that,  exclusive  of  epidemic  meningitis,  70  per  cent,  of  all 
meningeal  infections  are  tuberculous.  These  statistics,  together 
with  the  tables  to  follow,  help  to  emphasize  through  contrast  the 
variations  in  susceptibility  of  infants  of  different  age  periods  to 
the  various  infecting  agents. 

Review  of  the  Literature.  The  earliest  cases  of  meningitis 
which  I  found  in  the  literature  were  reported  by  Sherer  (1895^). 
He  reported  3  cases  in  infants  from  eight  days  to  six  weeks  old.  One 
of  these  cases  was  a  weak,  jaundiced  infant  nine  days  old,  suffering 
from  vomiting,  diarrhea  and  rapid  loss  in  weight.  It  died,  with 
definite  meningeal  symptoms,  nine  days  later.  At  the  autopsy 
considerable  pus  was  found  covering  the  convexity  and  the  base  of 
the  brain.  A  bilateral  suppurative  otitis  media  was  present.  The 
bacteriological  report  was  colimeningitis.  Two  other  cases  of  infants, 
eight  days  and  six  weeks  old  respectively,  occurred  in  the  same 
hospital  during  a  period  of  a  little  over  a  year.  All  presented  the 
same  type  of  lesions:  fibrinopurulent  colimeningitis  and  bilateral 
otitis  media.  Sherer  considers  his  3  cases  as  a  small  epidemic,  due 
to  overcrowding  in  the  hospital.  He  thinks  that  the  infection  origi- 
nated through  the  contaminated  water  used  in  bathing  the  infants. 
The  infected  material,  lodging  in  the  external  ear,  started  the  otitis 
media.  From  this  location  the  infection  spread  to  the  brain.  It  is 
also  possible  for  the  infection  to  have  gained  entrance  through  the 
mouth  and  from  there  to  have  been  carried  through  the  lymphatics 
or,  more  probably,  through  the  Eustachian  tubes  to  the  middle  ears 
and  then  to  the  brain. 

Hinsdale  (1899^)  describes  a  case  of  meningitis  in  an  infant,  three 
days  old,  caused  by  Bacillus  coli  immobile.  The  mother  had  suffered 
with  an  acute  metritis  following  a  miscarriage  two  years  previously. 
During  and  after  the  expulsion  of  the  placenta,  large  quantities  of 
pus  escaped  from  the  uterus.  The  infant  began  losing  in  weight 
and  on  the  third  day  the  emaciation  was  quite  marked.  Nystagmus 
and  retraction  of  the  head  were  present  from  birth.  Convulsions 
appeared  on  the  fourth  day.  The  umbilical  cord  had  a  fetid  odor. 
The  infant  would  not  nurse  and  died  on  the  thirteenth  day.  At 
autopsy  an  abscess  was  present  in  the  left  frontal  lobe  of  the  brain 

*  Meningitis  in  Infancy,  Illinois  Med.  Jour.,  1913,  No.  3,  xxiii,  299. 

'  Ein  Beitrag  zur  Aetologie  der  Leptomeningitis  Purulenta  bei  Sauglingen,  Jahr- 
buch  f.  Kinderheilk.,  1895,  Bd.  xxxix,  S.  1. 

'  Purulent  Enceplialitis  and  Cerebral  Abscess  in  the  Newborn  Due  to  Infection 
from  the  Umbilicus,  Am.  Joub.  Med.  Sc,  1899,  cxviii,  280. 
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in  addition  to  the  exudate  on  the  surface.  There  was  an  induration 
of  the  abdominal  wall  around  the  navel.  The  infection  in  this  case 
probably  arose  from  the  previous  endometritis.  The  process  ex- 
tended through  the  placenta  to  the  fetus. 

Scheib(1900^)  cites  a  case  of  an  eight-day-old  infant  who  died  with 
the  diagnosis  of  general  debility.  At  autopsy  a  purulent  meningitis 
was  found,  caused  by  the  Bacillus  lactis  aerogenes.  This  organism 
is  considered  a  frequent  cause  of  meningitis  in  infancy,  but  this  case 
is  the  only  one  I  found  recorded. 

Goldreich(1902^)  cites  an  interesting  case  of  antenatal  infection 
with  Bacillus  coli.  Convulsions,  together  with  cyanosis,  jaundice, 
diarrhea,  rigidity  of  neck  and  irregular  respirations,  appeared  in 
the  infant  on  the  first  day  of  its  life.  It  died  on  the  second  day. 
The  piincipal  finding  at  autopsy  was  a  fibrinopurulent  meningitis. 
A  purulent  pleuritis  and  acute  bronchitis  were  also  present.  It  is 
hardly  conceivable  that  the  infection  in  this  case  did  not  happen 
until  after  birth.  The  author  suggests  that  the  bacteria  might  have 
gained  entrance  into  the  uterus  during  labor,  which  in  this  case 
lasted  three  days.  On  the  second  day  the  amniotic  sac  ruptured, 
opening  an  avenue  for  the  entrance  of  germs.  Then  the  fetus 
aspirated  some  of  the  contaminated  fluid  through  premature  respira- 
tions. From  the  lungs  the  infection  was  carried  to  the  brain  by  the 
blood.  Such  a  presumption  helps  to  explain  the  bronchitis  and 
pleuritis  as  well  as  the  meningitis  found  at  autopsy.  This  is  prob- 
ably the  youngest  case  of  suppurative  meningitis  reported  in  the 
literature. 

Benfey  (1907^)  cites  a  case  of  Bacillus  pyocyaneus  meningitis 
for  the  purpose  of  proving  the  pathogenicity  of  this  organism.  He 
reports  a  case  of  a  seven-day-old  infant  who  developed  meningeal 
sjTnptoms  and  died  on  the  eighth  day.  The  navel  was  distinctly 
inflamed  and  the  author  believes  that  it  was  the  portal  of  infection. 
At  autopsy  a  pure  culture  of  Bacillus  pyocyaneus  was  recovered 
both  from  the  purulent  exudate  on  the  brain  and  from  the  blood. 

Noeggerath's  case  (1907^'*)  was  in  a  female  infant,  sixteen  days 
old,  who  was  well  up  to  the  eleventh  day.  She  then  developed 
abdominal  cramps  and  symptoms  of  meningitis.  A  purulent  exudate 
was  present  on  the  umbilicus.  In  the  eighth  week  a  double  otitis 
media  appeared.  An  organism  was  isolated  which  seemed  to  cor- 
respond to  Bacillus  coli,  but  had  properties  also  of  Bacillus  lactis 
aerogenes.  It  was  encapsulated  and  quite  motile.  It  was  identified 
as  Bacillus  coli  immobilis  capsulatus.     Stern"  and  Conradi  and 

'  Prag.  med.  Wchnschr.,  1900,  S.  169. 

*  Meningitis  beim  Neugebornen,  Jahrbach  f.  Kinderheilk.,  1902,  Bd.  Ivi,  S.  808. 
'  Ueber  Pyozyaneiissepsis,  Med.  Klinik,  1907,  Nr.  40,  S.  1199. 
1"  Bacillus  Coli  Immobilis  Capstilatus  bei  Einem  Falle  von  Eitriger  Meningitis 
Cerebrospinalis,  Munchen.  med.  Wchnschr.,  1907,  Nr.  13,  Bd.  liv,  S.  617. 

"  Znr  Kenntnis  der  Pathogenen  Wirkxing  des  Koli  beim  Menschen,  Deutsch. 
med.  Wchnschr.,  1893. 
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Bierast^-  speak  of  the  many  variations  that  may  occur  in  the 
Bacillus  coli  when  it  becomes  pathogenic.  Noeggerath  thought  that 
the  infection  in  this  case  was  either  through  the  navel  or  through 
the  intestinal  tract.  An  argument  against  the  navel  route  was  the 
microscopic  finding  of  the  umbilical  vessels,  which  showed  no  evi- 
dences of  any  inflammation. 

Holt  (191 P^)  reports  a  series  of  300  cases  of  meningitis  in  children 
under  three  years  old,  but  from  the  data  given  I  could  classify 
only  11  of  them  as  occurring  in  infants  under  three  months  old. 
Of  these  11,  3  cases  (a  very  large  percentage)  were  due  to  Bacillus 
tuberculosis;  6  cases  to  staphylococcus  and  streptococcus  and  only 
1  case  to  Bacillus  coli.  The  last  case  presented  meningeal  symptoms 
only.  It  became  sick  when  four  weeks  old  and  died  in  the  sixth 
week.  A  pure  growth  of  Bacillus  coli  was  obtained  from  the  purulent 
fluid  removed  from  the  spinal  canal.  The  author  cites  an  additional 
case  of  colimeningitis  from  his  private  practice.  This  was  in  a  four- 
weeks-old  infant  who  had  previously  suffered  from  a  colon  infection 
of  the  urinary  tract. 

Pearson's  case  (1912")  was  in  a  female  infant,  three  months  old. 
At  autopsy  the  Bacillus  coli  communis  was  isolated  from  the  spinal 
fluid  and  from  the  purulent  exudate  enveloping  the  brain  and  filling 
the  ventricles.  There  was  also  an  acute  suppurative  otitis  media 
present.  The  author  holds  this  latter  condition  responsible  for  the 
meningitis. 

Smith  and  Woodforde(1912^^)  report  a  case  of  colimeningitis  in  an 
infant  somewhat  older  than  the  usual  incidence  of  this  infection. 
Their  patient  was  five  months  old.  The  organisms  isolated  were 
very  motile.  The  disease  at  first  responded  to  autogenous  vaccine 
therapy,  but  later  the  patient  died.  The  urine  in  this  case  was 
sterile.    The  authors  consider  the  meningitis  as  a  primary  infection. 

A  case  of  meningitis  caused  by  the  Bacillus  mucosus  capsulatus  is 
reported  by  Bonhoff  and  Esch  (1912^^).  The  infant  was  born  in 
asphyxia.  A  catheter  was  inserted  into  its  trachea  to  initiate 
respiration.  Small  quantities  of  amniotic  fluid  and  mucus  escaped 
from  the  mouth  when  the  infant  started  breathing.  The  first  four 
days  it  was  restless,  whimpered  a  great  deal  and  did  not  nurse  well. 
Clonic  contractions  appeared  in  the  face  muscles  and  in  the  back 
muscles  on  the  sixth  day.  The  development  of  emaciation  was 
rapid.  Spinal  fluid  was  removed  and  examined  but  no  cultures 
were  made.    Death  occurred  on  the  fourteenth  day.    At  autopsy 

12  KoUe-Wassennann:  Handbuch  der  Pathogenen  Mikroorganismen,  2  Auflage, 
Bd.  vi,  S.  483. 

"  Loc.  cit. 

"  A  Case  of  Meningitis  in  Which  the  Bacillus  Coli  Communis  was  Obtained  from 
the  Cerebrospinal  Fluid,  Lancet,  London,  1912,  clxxxii,  722. 

'»  Two  Unusual  Forms  of  Meningitis  Occurring  in  Infancy,  Lancet,  London,  1913, 
clxxxui,  236. 

18  Ueber  Einem  Fall  von  Meningitis  purulenta  beim  Neugebornen,  infolge  recht- 
seitiger  Mittleohrentziindung,  Ztschr.  f.  Geburtsh.  u.  Gynak.,  1912,  Bd.  Ixx,  S.  886. 
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there  was  pus  present  over  the  brain  and  in  the  right  middle  and 
internal  ear.  Culture  from  the  pus  on  the  brain  and  from  the 
middle  ear  showed  a  pure  growth  of  Friedlander's  bacillus. 

Lyall  (1913")  gives  a  detailed  report  of  a  case  of  typhoid  menin- 
gitis in  a  female  infant  four  months  old.  She  died  six  weeks  after 
the  onset  of  the  s^^nptoms.  The  postmortem  examination  showed 
a  diffuse  purulent  meningitis  with  no  lesions  present  characteristic 
of  ti^jhoid  fever.  The  author  thinks  that  the  infection  in  this  case 
took  place  through  the  intestinal  tract. 

Giese  (1913**)  reports  the  only  case  of  influenzal  meningitis  in  a 
young  infant  found  in  the  literature,  though  some  authors  state 
that  this  tjTJe  of  infection  is  not  uncommon. 

Von  Reus  (1914**)  reports  a  case  of  colimeningitis  in  a  newborn 
infant.    The  case  is  cited  by  Michael,-"  with  no  data  given. 

Hermann  (1915-*)  reports  what  he  considers  the  only  case  of  pneu- 
mococcic  meningitis  in  the  newborn.  \Mien  thirteen  days  old  the 
infant  was  taken  sick.  It  died  at  the  age  of  seventeen  days.  No 
meningeal  sjTiiptoms  were  present  at  any  time,  yet  the  autopsy 
revealed  a  purulent  meningitis  as  the  only  lesion  present.  Culture 
of  the  pus  gave  a  pure  growth  of  pneumococci.  The  author  discusses 
the  possible  portals  of  infection.  The  umbilical  route  he  considers 
rare.  Premature  respiration  of  the  infant  during  difficult  labor,  he 
believes,  may  result  in  the  aspiration  of  contaminated  liquor  amnii 
and  thus  start  the  infection.  Infection  may  also  occur  through  an 
injury  to  the  skull  during  delivery.  After  birth  the  mouth,  nose, 
throat,  intestinal  tract,  ears,  eyes,  umbilicus  or  urinary  tract  may  be 
the  portals  of  entrj'.  He  states  that  the  contaminated  water  of  the 
bath-tub  is  a  frequent  source  of  infection,  and  thus  agrees  with 
Xoeggerath^  and  Sherer.^ 

Michael  (1916^^)  recovered  the  Bacillus  coli  conununis  from  the 
spinal  fluid  of  a  fi\e-months-old  infant.  It  died  two  weeks  later. 
The  organism  was  ver\'  motile.  The  exudate  was  described  as  a 
thick  brownish  pus,  a  characteristic  mentioned  by  a  number  of 
authors. 

A  valuable  contribution  to  meningitis  in  infants  is  made  by 
Koplik  (1916^).  He  reports,  with  some  detail,  his  findings  in  12 
of  his  own  cases.    Four  of  his  cases  were  due  to  streptococcus;  3  to 

"  Meningitis  in  an  Infant  Caused  by  the  Tj-phoid  Bacillus,  Jour.  Med.  Res.,  1913, 
No.  4,  xxvii,  457. 

>•  Ugeskiift  for  Laeger,  Copenhagen,  1913,  No.  16  ^Abs.  in  Jour.  Am.  Med.  Assn.) . 

»»  Cited  by  Michael  (20). 

*»  Recovery  of  the  Colon  Bacillus  from  the  Spinal  Fluid  of  a  Five-months-old 
Infant,  Arch,  of  Ped.,  1916,  xxxiii,  280. 

*i  Meningitis  in  the  Newborn,  with  Report  of  a  Case,  Arch,  of  Ped.,  1915,  No.  8, 
XTrii,  583. 

**  Loc.  dt.  "  Loc  dt. 

**  Loc.  dt. 

'^  Meningitis  of  the  Newborn  and  in  Infants  under  Three  Months  of  Age,  Arch, 
of  Ped.,  1916,  xxxiii.  481. 
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pneumococcus;  4  to  meningococcus;  1  to  Bacillus  coli.  One  case 
of  the  streptococcus,  1  of  the  meningococcus  and  the  case  of  Bacillus 
coli  meningitis  showed  sjTnptoms  within  a  few  days  after  birth. 


Sr               Author. 

1 
Year.           Age. 

Type  of  bacterium. 

Probable  portal  of 
entry. 

1     Sherer 

1895     Newborn 

B.  coli 

Otitis  media. 

2     Sherer 

1895     Newborn     B.  coli 

Otitis  media. 

3     Sherer 

1895       6    weeks  \  B.  coli 

Otitis  media. 

4     Hinsdale 

1899     Newborn     B.  coli 

Placenta. 

5     Scheib 

1900     Newborn   '  B.  lactis  aerogenes 

6     Goldreich 

1902     Newborn   >  B.  coli 

Lungs. 

7    Benfey 

1907     Newborn     B.  pyocyaneus 

Umbilicus. 

8    Noeggerath 

1907     16  days        B.  coli 

Intestinal. 

9     Holt 

1911 

3  months    B.  tuberculosis 

10    Holt 

1911 

3  months   B.  tuberculosis 

1 1     Holt 

1911 

3  months   B.  tuberculosis 

12     Holt 

1911 

Newborn     Staphylococcus  and 

Spina  bifida. 

streptococcus 

13     Holt 

1911 

Newborn 

Staphylococcus  and 
streptococcus 

Spina  bifida. 

14     Holt 

1911 

Newborn 

Staphjlococcus  and 
streptococcus 

Spina  bifida. 

15     Holt 

1911 

Newborn 

Staphylococcus  and 
streptococcus 

Spina  bifida. 

16    Holt 

1911 

Newborn 

Staphylococcus  and 
streptococcus 

17    Holt 

1911 

Newborn 

Staphylococcus  and 
streptococcus 

18    Holt 

1911 

4  weeks    i  B.  coli 

19    Holt 

1911       4  weeks      B.  coli 

20     Pearson 

1912       3  months    B.  coli 

Suppurative 
otitis  media. 

21  ■  Smith  and 

1912       5  months  [  B.  coli 

Hematogenous. 

"Woodforde 

1 

22     Bonhoff  and  Esch 

1912 

Newborn 

B.  mucosus 
capsulatus 

Eustachian  tube. 

23     Lyall 

1913 

4  months 

B.  typhosus 

latestinal. 

24     Giese 

1913 

? 

B.  influenzae 

25    V.  Reus 

1914     Newborn     B.  coli 

Hematogenous. 

26     Herrman 

1915     Newborn     Pneumococcus 

27     Michael 

1916  ,    5  months   B.  coli 

Hematogenous. 

28     Koplik 

1916     Newborn     Meningococcus 

29     Koplik 

1916       6  weeks      Meningococcus 

30    Koplik 

1916      3  months    Meningococcus 

31     Koplik 

1916      3  months    Meningococcus 

32    Koplik 

1916     Newborn     B.  coli 

Circumcision. 

33     Koplik 

1916       6  weeks      Streptococcus 

34    KopUk 

1916  1    7  weeks    ;  Streptococcus 

35  1  Koplik 

1916      3  months   Streptococcus 

36  '  KopUk 

1916  !    6  weeks      Streptococcus 

37  1  Koplik 

1916     Newborn     Pneumococcus 

38  '  Koplik 

1916  1    8  weeks      Pneumococcus 

39  !  Koplik 

1916      3  months   Pneumococcus 

40  :  White 

1917     29  days        Meningococcus 

41  [  White 

1917  '  39  days      ;  Catarrhalis  (?) 

42    Barron 

1917  1  Newborn     B.  coli 

1 

Mouth  (?) 

The  above  table  gives  in  tabulated  form  all    the   cases   within  the  ages   under 
discussion  which  were  found  in  the  literature. 
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The  last-mentioned  case  occurred  in  a  male  infant  who  was  cir- 
cumcised on  the  eighth  day.  Three  days  later  a  colipyelitis  set 
in,  which  was  followed  a  week  afterward  by  colimeningitis.  The 
patient  died  at  the  age  of  sixteen  months  from  asthenia  and  necrosis 
of  both  eyes,  associated  with  marked  hydrocephalus.  The  author 
emphasizes  the  fact  that  infections  may  occur  through  abrasions  in 
the  buccal  mucous  membranes  produced  by  the  accoucheur. 

White  (19172«)  reports  2  cases  in  infants  twenty-nine  and  thirty- 
nine  days  old  respectively.  The  meningitis  in  the  first  case  was 
caused  by  the  meningococcus.  From  the  second  case  an  organism 
was  isolated  which  was  thought  to  be  the  Micrococcus  catarrhalis. 
However,  this  diagnosis  is  questionable. 

The  following  table  gives  the  classification  of  the  above  forty-two 
cases  according  to  ages: 

Newborn 19 

Two  weeks  to  one  month 4 

One  month  to  two  months 7 

Two  months  to  three  months 8 

Three  months  to  five  months 3 

Exact  age  uncertain 1 

Total 42 

Subtracting  the  3  cases  of  three  to  five  months  old  leaves  39  cases 
under  three  months. 

The  following  table  shows  the  classification  of  the  19  newborn 
cases  according  to  etiology : 

Bacillus  coli 7 

Streptococcus  and  staphylococcus 6 

Pneumococcus 2 

Meningococcus 1 

Bacillus  mucosus  capsulatus 1 

Bacillus  lactis  aerogenes 1 

Bacillus  pyocyaneus 1 

Total 19 

The  following  table  shows  the  classification  of  the  42  cases 
according  to  etiology: 

Bacillus  coli 14 

Streptococcus  and  staphylococcus 10 

Meningococcus 5 

Pneumococcus 4 

Tuberculosis 3 

Bacillus  mucosus  capsulatus 

Bacillus  influenzae 

Bacillus  typhosus 

Bacillus  lactis  aerogenes 

Bacillus  pj'ocyaneus 

Bacillus  catarrhalis  (?) 

Total 42 

**  Case  Reports  of  Infectious  Meningitis  Occurring  in  Babies  Twenty-nine  and 
Thirty-nine  Days  Old  Respectively,  Arch,  of  Ped.,  1917,  xxxiv.  372. 
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The  above  shows  that  the  Bacillus  coli  causes  practically  33  per 
cent,  of  all  cases  of  meningitis  in  infants  under  three  months.  (Three 
cases  in  the  table  are  over  three  months  old.)  Of  this  33  per  cent. 
(14  cases),  one-half  (7  cases)  occurred  in  the  newborn.  This  is 
strongly  in  contrast  with  the  etiology  of  non-epidemic  meningitis 
in  infants  of  the  second  year  of  life,  as  is  well  brought  out  by  the 
statistics  of  Holt"  and  others. 

Case  Report. — ^IVIy  own  case  is  that  of  a  male  infant,  eleven  days 
old,  who  was  delivered  in  breech  presentation.  The  mother  is  a 
hard-working  woman,  aged  forty-four  years,  who  has  had  eight 
pregnancies,  including  the  last  one.  Six  children  are  living  and  well. 
During  the  latter  months  of  the  last  pregnancy  the  mother  experi- 
enced pain  in  the  epigastrium  which  was  of  the  character  of  real 
labor  pains  during  the  last  two  weeks  before  delivery.  She  noticed 
that  her  abdomen  was  excessively  enlarged.  The  childbirth,  she 
thinks,  was  about  one  month  premature.  The  confinement  was  in 
the  home,  with  practically  no  medical  attention  up  to  the  second 
stage  of  labor.  That  there  was  a  condition  of  hydramnios  became 
evident  when,  during  the  second  stage  of  labor,  more  than  1  gallon 
of  amniotic  fluid  escaped.  The  delivery  of  the  head  was  assisted 
by  the  insertion  of  a  finger  into  the  mouth  of  the  fetus  and  then 
using  a  moderate  amount  of  traction.  The  infant  was  cyanotic  at 
birth,  and  it  required  considerable  effort  to  initiate  respiration. 

The  infant  had  a  whimpering  cry  and  at  no  time  nursed  well. 
A  slight  right-sided  paralysis  made  its  appearance  on  the  third  day. 
The  right  hand  appeared  puffy  and  edematous.  On  the  tenth  day 
there  was  a  bilateral  swelling  of  the  eyelids.  Several  slight  con- 
vulsions were  noticed  on  the  morning  of  the  eleventh  day.  The  lips 
turned  cyanotic.    The  child  died  on  the  same  day. 

Autopsy  Protocol.  I  performed  the  autopsy  fourteen  hours  post- 
mortem.   I  shall  indicate  only  the  important  findings. 

The  body  is  fairly  well  developed,  somewhat  undernourished. 
The  skin  and  conjunctivae  are  slightly  jaundiced.  There  is  a  depres- 
sion 3  mm.  deep  over  the  left  parietal  eminence.  This  measures 
2x4  cm.  The  skin  over  it  is  not  abraded.  The  umbilicus  has 
dropped  off;  the  navel  is  dry  and  appears  healthy.  The  right 
lung  shows  petechial  hemorrhages  beneath  the  pleura  and  in  other 
portions  of  the  parenchjTna.  The  gastro-intestinal  tract  shows  no 
lesions  and  appears  entirely  normal.  Both  adrenals  are  large,  dis- 
tended and  of  a  bluish-red  color.  On  section,  large  hemorrhages 
are  found  involving  the  medullse,  which  extend  more  than  half  the 
distance  into  the  cortices. 

In  removing  the  scalp  no  lesions  are  visible  over  the  depressed 
area,  nor  is  there  any  evidence  of  injury  to  the  brain  after  the 
calvarium  and  dura  mater  are  removed.  The  brain  is  found  covered 
with  a  layer  of  brownish  fibrinopurulent  exudate.     This  is  most 

"  Loc.  cit. 
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marked  over  the  left  parietal  region.    The  base  of  the  skull  and 
middle  ears  are  free  from  lesions. 

Smears  from  the  exudate  show  disintegrated  pus  cells  and  immense 
numbers  of  extra-  and  intracellular  Gram-negative,  short,  plump 
bacilli. 

Microscopically  the  lungs  show  small  areas  of  congestion  and 
hemorrhage.  The  heart  and  spleen  are  normal.  The  liver  shows  a 
mild  fatty  metamorphosis.  Many  of  the  cells  are  swollen  and  their 
nuclei  are  vesicular.  The  adrenals  show  hemorrhages  into  the 
medullie,  with  only  an  occasional  parenchxTnal  cell  \'isible.  The 
inner  portions  of  the  cortices  are  torn;  the  cords  of  cortical  cells  are 
separated  by  areas  of  hemorrhage.  The  kidneys  show  intense 
congestion  of  the  glomerular  tufts.  The  th\Tnus  shows  moderate 
"accidental"  involution. 

The  brain  parenchj-ma  is  normal.  The  pial  vessels  are  greatly 
dilated.  The  arachnoid  space  is  filled  with  an  exudate  of  fibrin, 
a  few  red  blood  cells  and  masses  of  leukocytes,  nearly  all  of  which 
are  pohTuorphonuclears.  In  some  areas  the  exudate  consists 
almost  wholly  of  fibrin  and  red  blood  cells. 

Bacteriological  Studies.  Cultures  were  made  from  the  exudate 
and  from  the  heart's  blood.  This,  together  with  the  animal  inocula- 
tions, was  performed  by  Dr.  Arthur  T.  Henrici.  I  am  indebted  to 
him  for  the  data  of  the  bacteriological  studies. 

The  report  states  that  the  smears  from  the  pus  show  a  very  short, 
Gram-negative  coccobacillus.  Some  of  the  bacilli  stain  more  deeply 
at  the  poles  than  in  the  middle  and  give  the  appearance  of  diplococci. 

The  cultures  from  the  heart's  blood  showed  no  gro\s-th.  The  first 
cultures  from  the  pus  showed  a  short,  slender  bacillus,  with  a  few 
coccoid  and  irregular  forms.  Some  forms  possessed  club-shaped  ex- 
tremities. The  subcultures  and  all  subsequent  cultures  gave  a  fairly 
uniform  bacillus  t>"pical  of  Bacillus  coli.  In  hanging-drop  prepara- 
tions all  of  the  cultures  showed  a  ver\'  active,  tj-phoid-like  motility. 

The  cultural  characteristics  of  this  organism  on  the  different 
media  are  as  follows: 

Agar:  spreading,  moist,  grayish  growth. 

Broth:  uniform  turbidity. 

Gelatin  stab:  filiform  growth;  no  liquefaction. 

Litmus  milk:  first  culture  acid  in  four  days;  no  coagulation. 
Subsequent  cultures:  acid  in  two  days;  coagulation  in  seven  days; 
very  little  whey  expressed. 

Peptone  solution:  indol  in  four  days. 

Sugars:  dextrose,  acid  and  gas  in  twenty-four  hours. 

maltose,  acid  and  gas  in  twenty-four  hours. 

mannite,  acid  and  gas  in  twenty-four  hours. 

lactose,  acid  in  forty-eight  hours;  gas  in  four  days. 

saccharose,  no  acid  and  no  gas. 

COo 
(Gas  formula  =  75-^  =|.) 
rl2 
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In  all  the  subcultures  the  lactose  fermented  a  day  or  two  later 
than  did  the  other  sugars. 

From  the  above  it  will  be  seen  that  the  organism  recovered  was 
definitely  the  Bacillus  coli  communis,  but  the  marked  motility  and 
the  tardiness  in  its  action  on  lactose  at  first  suggested  the  Bacillus 
paratyphosus. 

Inoculations  into  rabbits  and  guinea-pigs,  either  intravenous 
or  intraperitoneal,  killed  the  animals  in  from  twelve  to  forty-eight 
hours.  The  organism  was  recovered  from  the  blood  in  each  case. 
No  immunity  reactions  were  performed. 

Comment.  Conradi  and  Bierast^*  speak  of  the  variations  in  size, 
shape  and  motility  in  Bacillus  coli.  They  also  mention  that  some 
strains  are  slow  in  fermenting  lactose.  Actual  mutations  are  thought 
to  occur,  and  these  strains  are  sometimes  designated  as  Bact.  coli 
mutabile.  Most  of  the  strains  of  Bacillus  coli  isolated  from  the 
meningitis  cases  here  reported  were  actively  motile. 

The  susceptibility  of  infants  to  Bacillus  coli  infections  has  long 
been  noted.  Beitzke^^  states  that  Bacillus  coli  is  the  principal 
causative  agent  of  pyelitis,  pyelocystitis  and  pyelonephritis.  It 
also  sometimes  produces  intestinal  diseases,  general  sepsis  and 
meningitis.  Yet  in  the  adult  this  organism  is  almost  entirely  a 
saprophyte,  being  a  constant  inhabitant  of  the  intestinal  tract,  and 
rarely  does  it  become  pathogenic.  But  since  the  protective  powers 
of  the  infant  are  very  feeble  the  bacillus  occasionally  gets  a  foothold 
and  becomes  pathogenic.  Halban  and  Landsteiner  state  that  infants 
possess  a  very  low  capacity  for  the  manufacture  of  protective  sub- 
stances. Artificially-fed  infants  are  said  to  be  even  more  sus- 
ceptible to  infections  than  breast-fed  ones,  because  the  mother's 
milk  contains  immune  bodies  which  are  utilized  by  the  infant. 

La  Fetra^"  does  not  believe  that  infants  are  born  septic  very 
often.  Such  instances,  he  thinks,  are  indeed  rare.  He  also  doubts 
that  infection  is  common  through  the  aspiration  of  contaminated 
liquor  amnii,  as  claimed  by  Sherer^^  and  others.  Bonhoff  and  Esch,^- 
on  the  other  hand,  claim  that  in  their  case  the  infecion  was  through 
the  Eustachian  tube,  brought  about  by  the  aspiration  of  liquor 
amnii  during  premature  breathing  in  intra-uterine  life.  The  fluid 
and  mucus  which  escaped  from  the  mouth  of  the  infant  at  the  begin- 
ning of  respiration  certainly  warrants  such  a  contention.  The 
introduction  of  the  catheter  may  also  have  carried  the  infection. 
Aschoff^^  has  found  in  his  careful  studies  that  the  passage  of  liquor 
amnii  up  the  Eustachian  tubes  during  premature  respiration  is  fairly 
common.  He,  however,  believes  that  the  inflammation  resulting  from 

*'  Loc.  cit. 

"  In  Bruning  und  Schwalbe's  Handbuch  der  Allgemeine  Pathologic,  Bd.  i,  S.  252. 

so  Accidents  and  Diseases  of  Early  "Weeks,  Arch,  of  Fed.,  1916,  xxxiii,  401. 

"  Loc.  cit.  ^  Loc.  cit. 

M  Zt^chr.  f.  Ohrenheilk.,  Bd.  xxxi,  S.  295. 
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it  is  not  due  to  infection  introduced  but  only  to  the  fluid  itself  acting 
as  a  foreign  body.  Rasch**  studied  the  postmortem  findings  relative 
to  middle-ear  diseases  in  82  autopsies  on  infants  up  to  two  years 
old.  He  found  that  fully  75  per  cent,  had  either  unilateral  or 
bilateral  middle-ear  involvement,  many  cases  of  which  were  purulent 
in  character.  Several  cases  had  meningitis  associated  with  it.  Such 
a  finding  strongly  suggests  that  meningitis  must  be  not  infrequently 
secondan.-  to  middle-ear  infections.  If  this  finding  be  correlated 
with  the  finding  of  Aschoff,*^  that  there  is  a  locus  minoris  resistentiw 
in  the  middle  ears  due  to  the  presence  of  aspirated  amniotic  fluid, 
then  the  sequence  of  events  leading  up  to  many  cases  of  meningitis 
becomes  almost  self-evident. 

But  La  Fetra^^  believes  that  the  umbilicus  is  the  most  important 
route.  Also  that  the  skin  and  mucous  membranes  are  frequent 
avenues  because  these  tissues  are  comparatively  undeveloped  at 
birth.  The  intestinal  mucous  membrane,  for  example,  is  undoubt- 
edly persious  to  bacterial  invasion  without  any  e\"ident  lesions. 
The  cases  of  bovine  tuberculosis  in  infants  and  young  children 
without  intestinal  tuberculosis  certainly  corroborate  such  a  concept. 
As  to  the  mucous  membrane  of  the  mouth,  as  a  portal  of  entry,  one 
can  get  little  definite  proof.  In  my  case  I  believe  that  the  infection 
occurred  through  the  introduction  of  the  accoucheur's  finger  during 
delivery.  Koplik^^  calls  attention  to  this  method  of  introducing 
infection.  A  woman  who  has  not  been  properly  prepared  for 
delivery  will  have  the  vulva  more  or  less  contaminated  with  fecal 
material.  The  introduction  of  a  finger  into  the  mouth  of  the  infant 
in  the  process  of  delivery  might  create  just  the  proper  conditions 
for  infection:  the  introduction  of  the  infectious  agent  and  the 
abrasion  of  the  covering  epithelium,  the  mucous  membrane. 

There  is  some  e^'idence  in  favor  of  the  idea  that  the  external 
auditory  canal  is  also  an  important  avenue  for  infection  in  the 
infant.  Rasch^*  believes  that  of  the  two  avenues  of  infection  of  the 
middle  ear,  that  of  the  Eustachian  tube  and  of  the  external  auditor}' 
canal,  the  latter  is  the  more  important  one. 

General  CoNCLrsiONS.  1.  Meningitis  in  the  newborn  and  in 
early  infancy  is  a  rare  disease. 

2.  The  important  place  that  the  Bacillus  tuberculosis  holds  in  the 
meningitis  of  later  infancy  the  Bacillus  coli  occupies  in  the  early 
months  of  infant  life. 

3.  Pathogenic  strains  of  Bacillus  coli  may  show  marked  variations 
in  form,  in  rates  of  fermentation  and  in  motility. 

4.  The  avenues  of  infection  of  the  newborn  have  not  been 
definitely  established.    Nevertheless,  infection  through  the  mouth 

**  Ueber  die  Hauflichkeit  und  Bedeutxing  von  Mittleohrentztind  bei  Kleinen 
Kranken  Kindern,  Jahrbuch  f.  Kinderheilk.,  1894,  Bd.  xxxvii,  S.  319. 

**  Loc.  cit.  *•  Loc.  cit. 

"  Loc.  cit.  **  Loc.  cit. 
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by  means  of  fingers  or  instruments  of  the  accouchem-  must  always  be 
borne  in  mind  and  proper  precautions  taken  accordingly. 

5.  It  is  reasonable  to  believe  that  some  infections  occur  in  the 
bath-tub  through  water  that  has  become  contaminated.  The  por- 
tals of  entry  of  the  bacteria  may  be  either  through  the  external 
auditory  canals,  the  mucous  membrane  of  the  mouth,  the  Eustachian 
tubes  or  the  intestinal  tract. 

6.  The  susceptibility  of  infants  to  infection  with  organisms,  that 
are  otherwise  only  slightly  pathogenic,  may  be  explained  by  the 
feebleness  of  antibody  production  during  the  early  months  of 
infancy.  The  greater  resistance  of  breast-fed  infants  over  the 
artificially-fed  ones  is  probably  due  to  the  compensation  of  the 
passive  immunization  by  the  breast  milk  for  the  active  immuniza- 
tion which  is  still  deficient. 


Extracted  from  the  American  Journal  of  the  Medical  Sciences, 
June,  1919,  No.  6,  vol.  ch-ii,  p.  808. 
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Introduction.  The  object  of  this  paper  is  to  offer  a  description 
of  the  gross  and  microscopic  patholog\'  produced  by  the  inhalation 
of  (mustardO  gas.  Of  the  37  cases  included  in  this  study,  35, 
according  to  the  field  medical  cards,  were  due  to  mustard  gas,  1  to 
mustard  gas  and  phosgene  and  1  to  phosgene  alone.  In  34  cases 
the  action  of  the  gas  on  the  respirator^'  tract  was  the  main  factor 
in  causing  death.  Two  died  as  a  result  of  extensive  skin  bums,  and 
1  of  cellulitis  of  the  face  and  neck  following  bums  in  this  region. 
It  is  evident  that  though  the  skin  and  eyes  suffer  from  contact  with 
this  agent,  and  though  death  may  result  from  injury  in  these  areas, 
inhalation  and  the  resulting  pathology  in  the  respirator;,'  tract  is 
the  important  factor  in  cases  which  reached  this  center. 

The  respirator^'  tract  is  attacked  from  the  tip  of  the  epiglottis 
to  the  terminal  bronchioles  and  air*  vesicles.  The  effects  seen  here 
are  due  (1)  to  the  intense  irritation  and  escharotic  action  of  the 
gas,  and  (2)  to  secondary-  infection,  which  promptly  occurs.  As 
seen  in  the  autopsy  room,  more  or  less  of  the  entire  mucosa  over  this 
region  is  covered  by  a  fibrinopurulent  exudate,  a  false  membrane, 
from  dirty  gray  to  yellowish  or  greenish-yellow  in  color  depending 
somewhat  on  the  amount  of  suppuration  and  blood  pigments  present. 
In  many  cases  it  covers  the  entire  area  from  the  tip  of  the  epiglottis 
downward;  in  others  it  is  in  patches;  and  in  relatively  few  does  it 
cover  the  wall  of  the  lower  part  of  the  phar\'nx. 

The  appearance  of  this  membrane,  both  grossly  and  microscopic- 
ally is  very  similar  to  that  usually  seen  in  diphtheria.    In  addition, 

'  The  term  "mustard"  gas  is  used  because  of  the  statements  found  on  the  clinical 
records,  together  with  the  character  of  the  lesions  which  corresponds  to  that  described 
in  the  literature. 
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the  clinical  features  are  not  unlike  those  in  the  larjTigeal  type  of  this 
disease:  hoarseness,  temperature  and  frequently  a  relatively  rapid 
pulse.  Also,  throat  cultures  often  showed  that  many  of  them  har- 
bored the  topical  organisms.  As  a  result,  it  not  infrequently  hap- 
pened that  perj^lexity  arose  in  the  differential  diagnosis  and  several 
times  an  erroneous  diagnosis  of  diphtheria,  or  vice  versa,  was  made. 

In  nearly  all  cases  the  larxiix  is  attacked.  Here  the  false  mem- 
brane extends  down  mto  all  the  irregularities  of  this  region.  The 
reaction  is  usually  accompanied  by  more  or  less  edema  surrounding 
the  base  of  the  epiglottis,  the  ary epiglottic  folds  and  the  false  vocal 
cords.  \Yhen  the  membrane  is  removed  a  deeply  injected,  hemor- 
rhagic surface  is  revealed,  usually  showmg  shallow  ulcerations. 
These  are  particularly  likely  to  occur  along  the  prominent  and  more 
rigid  portions,  such  as  the  tip  of  the  epiglottis  and  the  edges  of  the 
vocal  cords. 

In  the  trachea  and  larger  bronchi,  much  the  same  pathology 
exists.  There  is  the  same  sort  of  membrane  with  the  injection, 
hemorrhage  and  ulceration  of  the  underlying  tissues.  Here  also 
the  ulceration  tends  to  occur  on  the  more  prominent  portions,  such 
as  the  mucosa  over  the  cartilaginous  rings. 

In  cases  of  longer  standing  the  membranous  exudate  is  less  in 
evidence  and  the  ulceration  of  the  tracheal  and  bronchial  walls  is 
more  marked.  In  one  case  (Fig.  1)  the  mucosa  of  the  lower  half 
of  the  trachea  and  of  the  bronchi  in  tlie  region  of  the  bifurcation 
was  of  a  greenish  hue  and  literally  riddled  with  ulcers,  one  of  which 
was  1  cm.  in  diameter  and  extended  through  the  cartilaginous  ring 
to  the  outer  fibrous  coat  of  the  trachea. 

The  lungs  are  usually  very  voluminous,  due  to  a  marked  emphy- 
sema, largely  vesicular,  but  occasionally  interstitial  or  bullous.  Sub- 
pleural  hemorrhages  are  frequent.  There  may  or  may  not  be  a 
pleurisy  depending  upon  the  extent  of  the  secondary  infection 
present.  There  is  commonly  the  nodular  feel  of  a  bronchopneumonia 
and  occasionally  the  solidity  of  a  massive  consolidation.  The  cut 
surface  is  characteristic.  In  very  mild  or  ver}'  early  cases  there 
may  be  only  congestion,  hemorrhages  and  edema  of  the  parenchyma 
surrounding  the  bronchial  tree,  together  with  emphysema  of  the 
peripheral  portions;  but  ordinarily  the  exudate  described  as  occur- 
ring in  the  trachea  and  bronchi  extends  down  to  the  finest  radicles, 
which  are  not  simply  lined  with  the  membrane  but  actually  plugged. 
These  plugs  project  above  the  cut  surfaces  and  may  be  squeezed 
out,  much  like  comedones.  About  many  of  these  bronchioles  there 
is  a  larger  or  smaller  area  of  infiltration,  resembling  bronchopneu- 
monia, raised,  grayish  or  dark  red  (if  hemorrhagic)  and  dry  and 
granular  in  appearance.  The  hemorrhagic  areas  are  prominent. 
Outside  the  pneumonic  area  is  the  vesicular  emphysema. 

In  the  older  and  more  ad\-anced  cases  necrosis  is  frequently  present 
in  the  consolidated  areas,  and  this  becomes  the  more  prominent 
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feature.  This  occurs  particularly  nearer  the  hilus  where  the  pneu- 
monic areas  are  larger,  confluent  and  massive,  but  may  also  be  seen 
in  the  centers  of  the  smaller  discrete  areas.  The  necrosis  gives  rise 
to  abscess  cavities,  the  larger  of  which  have  ragged,  irregular  walls 
and  are  filled  with  thin,  grajish,  granular,  purulent  and  necrotic 
material. 

^Microscopically  the  pathology  is  very  interesting.  In  the  upper 
respirator.'  tract  the  membranous  exudate  lining  the  lumen  is  exactly 
similar  to  that  seen  in  diphtheria,  consisting  of  masses  of  fibrin 
mixed  with  occasional  leukoc^'tes,  cellular  debris  and  plasma.  On 
the  free  surface  of  this  exudate  numerous  clumps  of  bacteria  are 
seen,  principally  diplococci.  There  is  often  no  differentiation 
between  the  exudate  and  the  mucosa  of  the  trachea  or  bronchi. 
The  epithelium  is  nearly  ever^-where  absent.  In  a  few  places  degen- 
erating or  necrotic  cells  can  still  be  made  out.  The  submucous 
tissue  is  infiltrated  with  leukocj-tes  and  is  definitely  edematous. 
There  is  not  quite  as  extensive  hyalinization  of  the  fibrin,  however, 
as  one  finds  in  a  diphtherial  membrane. 

This  t\'pe  of  exudate  extends  down  into  the  bronchioles,  where 
at  times  ihe  lumina  are  completely  plugged.  The  exudate  is  fre- 
quently seen  attached  at  only  one  point,  and  here  the  membrane 
blends  with  the  wall  of  the  bronchiole  so  intimately  that  no  differen- 
tiation is  possible.  The  wall  is  markedly  infiltrated  with  leukocj'tes, 
and  this  condition  extends  into  the  contiguous  alveoli.  In  the 
imattached  portions  of  the  bronchial  wall  the  epithelium  may  still 
persist.  It  is  at  the  point  of  attachment  of  the  fibrinopurulent 
membrane  that  the  ulceration  and  necrosis  apparently  begins,  and 
from  there  it  extends  into  the  deeper  portions  of  the  lung  paren- 
ch\"ma,  resulting  in  the  formation  of  abscesses  of  the  lung.  In  the 
upper  portion  of  the  tract,  namely,  the  prominent  edges  of  the 
epiglottis,  vocal  cords  and  cartilaginous  rings,  similar  ulcerations 
are  encountered.  These  ulcerations  may  perhaps  be  explained  by  the 
fact  that  the  portions  protruding  into  the  lumen  are  attacked  by 
larger  quantities  or  by  more  concentrated  mixtures  of  the  poisonous 
gases.  It  is  not  impossible  that  minute  droplets  of  the  liquid  gas 
itself  are  inhaled.  In  the  lower  portion  of  the  tract  the  direction  of 
the  air  current  may  determine  the  site  of  greatest  injur}'. 

The  histological  picture  varies,  depending  upon  the  rapidity  of 
death  after  the  injurj*  and  consequently  on  the  dose  and  concen- 
tration of  the  inspired  gas.  In  several  cases  that  came  to  autopsy 
the  dose  was  evidently  overwhelming,  resulting  in  death  from  the 
escharotic  and  irritating  action  alone.  In  these  rapid  cases  the 
prominent  features  are  the  edema,  the  profound  injection  of  the 
bloodvessels  and  the  hemorrhage.  The  edema  generally  differs 
from  ordinary'  pulmonary  edema  in  that  the  fluid  escaping  into  the 
alveoli  is  considerably  more  albuminous,  so  that  when  coagulated 
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it  greatly  resembles  colloid.  The  fluid  not  only  fills  the  vesicles 
around  the  bronchioles,  but  often  is  seen  separating  the  cellular 
structure  of  the  alveolar  walls.  In  areas  farther  away  from  the 
bronchioles  the  albuminous  fluid  is  deposited  principally  in  the 
neighborhood  of  the  alveolar  walls,  leaving  clear  spaces  in  the  centers 
of  the  vesicles.  Some  areas  show  marked  fibrin  deposits  lining  the 
walls  of  the  alveoli  in  a  manner  similar  to  the  exudate  seen  in  the 
bronchioles  or  even  in  the  bronchi.  The  only  difference  noticeable 
is  that  there  is  a  relative  absence  of  leukocytic  infiltration.  In  the 
centers  of  these  alveoli  there  may  be  only  a  thin  serum  deposited 
or  a  very  fine  fibrinous  network;  sometimes  the  space  is  entirely 
free  from  exudate.  In  older  stages  the  fibrin  becomes  hyalinized 
and  shows  an  infiltration  of  leukocytes  and  the  presence  of  degen- 
erating desquamated  epithelial  cells. 

Such  a  picture  as  above  described  helps  explain  the  very  marked 
dyspnea  and  cyanosis  so  frequently  encountered  in  these  cases 
clinically.  Both  the  albiuninous  fluid  around  the  walls  of  the  air 
vesicles  and  the  lining  by  dense  fibrinous  masses  must  produce  a 
very  profound  interference  with  the  normal  interchange  of  gases 
in  the  alveoli. 

Another  marked  feature  is  the  injection  of  the  bloodvessels.  In 
many  of  the  bronchial  walls  the  enormously  dilated  capillaries 
present  a  picture  of  a  capillary  hemangioma.  Also  the  extensive 
hemorrhage,  which  is  so  commonly  seen  in  the  alveoli  surrounding 
the  bronchioles,  gives  a  picture,  with  the  low  power  of  the  micro- 
scope, which  resembles  a  cavernous  hemangioma  of  the  liver. 
The  capillaries  of  the  alveolar  walls  are  dilated  and  tortuous.  It 
requires  very  little  imagination  to  visualize  the  processes  by  which 
the  extensive  hemorrhages  occur. 

The  histology  of  the  peripheral  portions  of  the  lungs  shows  little 
except  vesicular  emphysema.  In  later  stages,  with  advanced 
pneumonic  involvement,  pleurisy  may  be  present. 

In  the  older  cases,  that  is,  in  cases  which  die  of  the  secondary 
infection  rather  than  from  the  direct  effects  of  the  gas,  there  is  a 
picture  of  bronchopneumonia.  But  even  here  the  marked  edema 
and  hemorrhage,  along  with  the  peculiar  deposits  of  fibrin,  make  the 
diagnoses  fairly  easy.  Areas  of  necrosis  are  now  present.  These 
apparently  begin  in  the  walls  of  the  bronchioles  and  extend  centri- 
petally,  forming  occasionally  large  abscesses  filled  with  pus  and 
necrotic  debris.  Around  these  necrotic  areas  the  alveolar  walls 
often  show  thickening  due  to  fibrosis  and  infiltration,  with  round 
cells  and  poljinorphonuclears.  The  alveoli  contain  dense  masses 
of  precipitated  serum  or  fibrin  in  various  stages  of  organization. 
Some  show  only  a  slight  infiltration  with  leukocytes;  others  show 
fibroblasts  from  the  alveolar  walls  invading  the  masses;  still  others 
show  fairly  well-advanced  organization  of  the  exudate.    These  areas 
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are  generally  small  and  surround  the  bronchioles  in  the  regions  where 
the  abscesses  are  apparent.  The  picture  is  unlike  the  ordinary 
tj'pes  of  organization  pneumonias,  in  that  the  areas  of  necrosis 
and  the  abscesses  are  more  common.  Some  of  the  bronchioles  also 
show  organization  of  the  exudate,  so  that  if  the  case  should  go  on 
to  healing  the  bronchioles  would  probably  become  organized  into 
fibrous  cords. 

No  changes  were  evident  in  the  bronchial  walls  that  could  be  taken 
for  bronchiectases.  However,  the  various  lesions  seen  in  the  bronchi 
and  bronchioles  might  lead  to  great  weakening  and  dilatation  if  the 
patient  should  go  on  to  recovery. 

In  one  of  the  cases  studied  the  condition  had  gone  on  for  several 
months  and  yet  no  bronchiectases  were  apparent  in  the  lungs. 
In  the  cases  of  influenza-pneumonias  studied  in  this  center,  bron- 
chiectatic  changes  were  relatively  common  and  were  apparent  in 
lesions  of  much  shorter  duration.  It  is  therefore  quite  likely  that 
the  lung  pathology  following  influenza  is  more  susceptible  to  the 
development  of  bronchiectasis  than  that  following  gas  inhalation. 

The  pathogenesis  of  these  lesions  cannot  be  completely  worked 
out  from  the  material  obtained  at  this  center,  because  no  cases  came 
to  autopsy  under  four  or  five  days  after  exposure.  However,  by 
correlating  the  findings,  and  by  making  a  composite  picture  of  all 
the  lesions  encountered  in  the  various  stages  of  the  disease,  one  might 
visualize  the  processes  of  reaction  about  as  follows: 

As  the  irritating  gas  is  inspired,  some  of  the  exposed  cells  may 
become  immediately  necrosed.  The  capillaries  nearest  the  surfaces 
become  engorged.  This  is  true  also  in  the  smallest  bronchioles  and 
perhaps  in  the  alveoli  themselves.  The  irritation  causes  an  exudate 
consisting  of  a  moderate  quantity  of  heaw  albuminous  fluid  in 
contradistinction  to  the  huge  quantities  of  thin  fluid  poured  out  in 
cases  of  phosgene  inhalation.  Later,  cellular  elements  appear  in 
the  exudate  along  with  desquamated  epithelial  cells.  Some  of  the 
fibrinogen  is  converted  into  fibrin,  which  forms  a  lining  not  only 
along  the  upper  tube  of  the  respirators  tract  but  also  may  extend 
down  into  tie  terminal  bronchioles  and  air  cells.  Depending  upon 
the  amount  of  irritation,  the  exudate,  which  is  now  fibrinopurulent 
in  character,  may  increase  in  thickness  until  it  may  produce  a  layer 
3  or  4  mm.  in  depth  in  the  larjTix,  trachea  and  bronchi.  There  is 
at  the  same  time  a  marked  edema  and  congestion  of  the  loose  sub- 
epithelial cellular  tissues.  In  proportion  to  the  amount  of  conges- 
tion and  the  extent  of  the  necrosis  produced  will  be  the  extent  of  the 
ulceration  along  the  larjux,  trachea  and  bronchi  and  the  hemor- 
rhages in  the  limg  parench\-ma.  The  amount  of  exudate  in  the 
smaller  bronchioles  may  become  so  abundant  as  to  completely  plug 
the  liunina.  This  obstruction  of  some  of  the  bronchioles  will  result 
in  the  compensatory  emphysema  of  other  portions  of  the  lung. 


S  S  u  >-. 

S  C  a  «^ 


9  ^ 
15 '3 


a      0)  < 


3  CJ3  3 
U  03  u  o 

<      < 


ta6 

M  i;  " 

3T3  £ 

i  as" 
;  3.2 


3-5  >  2 


>  S    -S  -  c 


.  ftc'. 

*  D.  O 

;:  3  t 


ai    r-        ^- 


-    IE    -  -    -    ^    -  3^' 

3^j:a3Sc  =  i=3=^ 
o,Soacj+Jo3>.ao0!o, 


>        3 

.F->    GO    0.1 

2""  Q. 

§•20 


2  >'-3~  ~ 


5P  a>  '"3  V 
fcN  **3  V  t^  S* 


.•*  30^i    . 

.2     ""Su    .2 
2  3cg1.22 

S  u  d ->->  03 -f^  S 

<: 


>."43 


2  Mm 
C  3  D 

g  o  j: 


i  3  g 


S  o  o 

>  u   c 

..•-3 

0  ^  a    ~'.« 

t  «_,  s!~  > 

5  ®  c  c:  .--g 

=3>*.  =5  ei.2  e 
fco.2^g3 

01  S    O    OS    >i  fi 


o  ^  » 


O 


M-  3 
CO 

oQ  a 


>^ 


S.oSa 

3  C  2  "^ 

0.2*  S 
C*i  «  o 


^     2!5 


a9-2 


•fts 


-SS 


s:h.' 


::::      ..  u 


eS.« 

O   00 


=  i;  e  S  S 

°|2|S« 

^  a!  ^  ^3  ^  3  35 

•SSo3e2=3«o-S 
o  — "S  s  ^  ~  a  o  o 
_,     ;3  X     :::     -CT3 

o  o  g  >>S  °_  g  0^ 
,5  *  "  3  03  o  £  J  C 


^£_^ 


"o  a 


••ss  s 

Q 


g  e  « 

2  CO 
Eg  " 

3  a., 
a..  2—1 

X  2  o  S 

o  3  (-.-S 

03 


III 
ill 
2:1 


ors  3 

>-T3  05 

n 


^  3  H 
03  C  V 

K 


■S"S 


«'0  3 

§°| 

>.S'3 

5  aa 


ax 
S.ti 


«3 


a  V 


§""S 


73  ^^ 
y  .i  »  3 
M  o3  00— ■ 

3  3  3  Sf  tq 


-3  X  >-  3 

a  »  o  a 
U 


Eb"     g. 

<U    M)         o    4) 
3  OS        c  3 

^     ^_o 

O  sic  3 
«  0  O  „  S 
^   3,s   c   CJ 

"dja  eslH  E 


3  o 

><  M 

3  b 

oj  o 

3  S  3 


E  =5 
«  3 
-  0) 


3  3  3  e 

3^-13.2  3 

a  .«-« 

_v  e  !r-  «5  3 
.2  osii  3  3 

J3— '  -    "    * 


=  2 

L-    3 

3  oi 

a  ^ 

0-5 


.S  £=  £ 


.;:i  o3_  3  P 

J3T3  3  o  a 


S.2 


6i°3 

flS.2 


J3J5  03 


.S-2 


15. 

©  o 


S  o3 


s2.2>ge 

JS    0)  +J    C3    fc-    o 

C8J3  03  «J2X 


3  0) 


<D   O 

3  S  3 

(-  aj  O 


•Ha" 

X-O  3 


3  O  1^ 
S  3  g 

a  ^-i  3 

o  ^  r. 

3  3  o 
•E  4)  M 

J  3  2 
en  "-3 
^      I- 

O  3 
J^-w  3  o 


'E.2 


3  o 


F 

(U 

M 

E 

03 

O 

© 

E 

a) 

03  J3 

ta 

a)  c 

2  E 

03  © 
o3  m  .. 

g'>'S|-| 

O  1>  13  o3  -fJ 
.—  g  g  I.  O 


3  a) 


3  t> 
«  O 
•3S 


11 
i.  a) 
3J3 


»^  aj  fe  ©.*?  aj 


.2  5 
H 


3  o  < 

O 


.2-^  « 

lii^g 


a)  a)  ^  43       i< 


B'z  -^ 

a)  sL  3 
j=  "*•  a) 

.2 1',  I « 

o  htn  a> 
O 


3  3  g 


°  3i^ti 


3  a 


M  a)  t«-;3  *j 

o  3-3  o  X 

13    -.5  3  a) 

°-5arg  =: 

esis  3 


.0  jLJ. 


•S<3jg 


a)  ^ 
ex  3 
«^  u 

O  03 


aj'rt 
03  ^ 


S  a'S  0 


E  a>.rt 

■a     ^  «  2 


CM 

(..   o3 

3J3 

cE.> 

.3  o  2 


>  a  a 


&i^ 

T 

ti\ 

00 

0 

;o 

IS 

0 

05 

t^ 

N 

0 

CO 

C"a 

a 

IN 

t-H 

u 

t- 

IN 

00 

05 

0 

10 

00 

0 

0 

0 

M 

m 

tH 

Tji 

r(t 

r* 

c 

•t- 

>A 

to 

0 

10 

lO 

10 

10 

10 

O 

? 

s 

(N 

N 

(N 

IN 

ej 

C^ 

M 

0 

g 

0 

^ 

?4 

CO 

•* 

•Q 

«s 

r^ 

00 

o> 

(3 

<5 

'^ 

.2     ...si's 
<  < 


5,i  ^ 


i-Z      •-  .5 


r  ..  « 


-  '  5 


t  =  t  a        _>.         >>■■ 

r"         S         CJ         1-1 


=  " 


^&'»         ^^ 


sg 


«  E  s. 


JE 


—  3       —  3 


ii 


_.  c_^     o  S  a 


C  3  » 
a!  s 
>  s  2 


3  S 

£  S 

Is 

j:  a 


o  » 


~   3 


Ova 


33 
^  X 


£      S' 


"•5 


M  w         •=  ^-  =       =  r 


t  3 
11  = 


©2    -co   a 


^  c  =-?!■::  a 


•i-S      3 


ji  a        a 


j  s      s  o 


A  3 


EJ 


S«   3 

S  o  s 


H  2 

2  e 
ao 
o-a 
c  3 
■r  o 

:£  a 


a  3  3—  3 


O    X 

£•1 

o  a, 

X 


iZl  -^ 


c  3  C  i 

—  a        fl  3_ 

?.  c  »  .S  §  J 
c'J:  a      a-Sa 

fc      .  O         O   «  3 

2  2  g  •-  o  = 

0-5.2  j:  o  a 


as 

C  3 

5S. 


t-9 

-I 

ao 
o-o 

C  3 
•r  o 


i  i  »  ij. 


.2  -'^.2  S  s 


-=  = 

Ua       > 

-  2 

—   > 

3  = 

3  » 

5~ 

.S  3 

_  e 

-s« 

^  — 

!!^S 

j;  ti     X 

=  ■5 

0  ..'S 

C  0 

.=  "0 

biO 

2  >  X  3 

^  ^ 

0.2        : 
£^         ■ 

1= 

"So 

> 

1  K  1 

iiii 

.2  e  5 

1-5  H 
0 

S3-i 

s  *  s 

^  — -- 

t:-i?2 

ill 

so 

|.2 

J:  s 

* 

o  S 


3-^ 

■5g 


e  c  S 


—  c  ij  2 

c  x  a-- 

■S-S.  2     o 

=  a  .  -  e 

=>•-  D  5  3 


o  e      o—  c 


«        o 

N  « 

4>      ^ 


i>< 


e* 


^ 
« 


N  M 


(S 

eS 

3 

c 

A 

3 

6 

o 

E 

fi 
o 

e 

OJ3 

t. 

nj= 

> 

a^  c 

aj2 

fi 

^=73 

m 

lii 

o 
c 

O  O 
J3^ 

ci 

o 
fi 

o  o 
J2X1 

ei 

o 

*^ 

s 

-C 

c 

§• 

J3 

o 

s 

p 

1. 
a) 

3 

C 
o 

U3 

fi 
C3 

s 
o 
E 

Xi 

« 

fi 

fi 
o 

M 

n 

& 

fi   r1 

o 

T3 

fi 

s 

-5 

<u 

o 

c 

-S 

o 

o 

J:; 

^E 

3 

fix 

u 

3 

J= 

3 

3 

C3  o  J 

g 

c^ 

C 

-Q  OT3 

-j; 

<; 

< 

<; 

w 

p  » 


i4 

S  fi 

cj  o 


■=?:3X 


lll.ili 

3  o  o  t-i--  O 
"^  3^  t.   o  C 

«_  O  3  C  3 

3  CJ3  ajr  fi 


XJ2 


-36        i 

rs-gMfi 

C   =3  3  O 
03  *?   3  t. 

.3- 00 


.3  ==^-«sn  C 
E-glc     *^ 

ct  «  t-  u 
•^  o  0.0 

aJ5  °  "^ 


C^  ' 


CO 


'S3     ^ 

-fi  c  >^ 
i   fi   C   S   t;^ 


«  S 

o  a 
E2 


2** 


^^ 


g  "  C  fi 


ofiSS 


og 

0  03 

E-a 

ss 

3  « 

3  0   iS 

<u  .. 

fi  «  g 
0^  >. 

J3   0 

-fiJ^X 

a  0 

6  *  p 
0  c  fi 
h  fi  v 

HS 

PQ 

« 

O  .»3 


c  " 


c  5  fi 

o  c  o 

tM  fi  QQ 

n 


0. 

^S 

S 

SS 

W 

w 

5« 

j: 

■         ^    S 

is  fli 

•    -^1 

a) -a 

M  3 

M  3 

•     ^E 

3  a 

■     as 

«S 

fi  t; 

fi  E 

S" 

§ 

S        =3.2 

O  C3  O  fe 

■^o  „« 
«  S  m  O 

S  fl^  OQ  ^       a  tz  M 
u  P>  93*13       h  o  13 


fi  5 
ft 


0.35^3 

1  e-b 


wi2 


Sg 


^   OJ 


3  « 
°3-S 


a  V 


^  fi 


Sx  S 

b.;fi  u 

a 


^  fi 


o  b  3 
O 


n  fi  1 


0.0 
Ot3 
fi  3 


*i  fi 

H  c  S 

.5  S  fi 
..2S-2 


.S  **  fi 
"§■08  0 


.S  s 

••as 

El, 


3  c 


K  o 


.2  — 


0  fe  3 

O 


^  ..OS 

3  S  E 

3  §  " 

.S  Sc 

S  S  <= 


fi  fe  ° 

2'3  '^ 

,  3-3  E 

fci  3  S  fi  "  - 


o: 


o  o 


J3.; 


ffl 


fulfil 


o  . 

.S  "  fi 

rg'OX.fi  o  03 


ffl.fi  o 

g-aS 
,  S  fi  «> 

o  cans 
-f^.2  ™  « 
o  3  oj,.-^ 


|s 

ft  o 
Ot3 
fi  3 


o  fi 
oi_ffl 


2  ^ 


S« 


5  fi 


I     S-B 

•t;  ffl.t::3-s 

_   t.  c3  f-  c 

.S  3  a^  3 


2  fi 

^3 


-w  as  s 


Days 
after 
pass- 
ing. 

U5 

t» 

10 

to 

(^ 

0 

■* 

00 

CO 

S 

g 

,- 

^ 

■* 

05 

0 

■* 

t» 

CO 

CI 

CO 

■* 

1 

1 

A 

rA 

.^ 

1 
0 

CO 

'S 

'S 

ci 

ci 

05 

•<»< 

■* 

Tjl 

10 

10 

10 

10 

"^ 

COVEY,  BARRON:  PATHOLOGY  OF  MUSTARD-GAS  INHALATION      9 

The  upper  respiraton'  tract  is  constantly  exposed  to  infection, 
which  will  soon  result  in  a  superimposed  inflammaton'  reaction, 
due  to  the  bacterial  invasion.  This  infective  process  will  gradually 
descend  into  the  bronchioles,  owing  to  the  lowering  in  the  resistance 
of  the  tissues.  It  is  at  this  time  that  polxTnorphonuclear  infiltration 
may  become  ver\'  abundant  and  produce  milian.-  or  submiliary 
nodides,  which  finally  may  become  confluent.  Because  the  gas  is 
in  the  greatest  concentration  in  the  upper  portion  of  the  respirator^'- 
tract  the  greatest  pathological  changes  will  be  produced  around  the 
hilus.  If  the  necrosis  is  vers-  extensive,  ver\'  profound  ulcerations 
may  develop  in  the  trachea  and  larynx,  which  may  almost  penetrate 
the  walls.  In  the  lung  parenchyma  the  necrosis  will  gradually 
develop  into  areas  of  hemorrhage  and  into  abscess  formation  after 
the  necrotic  area  becomes  secondarily  infected  with  bacteria. 

If  the  patient  receives  severe  bums  in  the  respirator^'  tract  but 
is  still  able  to  live  for  any  length  of  time,  for  example,  several  months, 
then  the  resulting  lesions  will  present  the  large  areas  of  consolida- 
tion, pneumonic  in  character,  through  which  will  be  scattered  lai^e 
or  small  areas  of  necrosis,  vdth  febscess  formation.  The  attempt  at 
healing  will  manifest  itself  by  the  definite  evidences  of  organization 
of  the  exudate  and  the  fibrosis,  as  previously  described. 

The  following  brief  protocols  are  presented  to  illustrate  the  con- 
ditions found  at  autopsy  in  several  cases  of  gas  inhalation  in  which 
death  occurred  from  five  days  to  over  two  months  after  the  injury. 
The  first  case  is  of  a  ver^-  early  t^T^e  while  the  last  is  an  old  and  very 
advanced  stage  of  the  disease.  Only  the  important  data  are  given; 
the  negative  findings  are  omitted. 

CASE  REPORTS. 

Case  I.— Autopsy  26-16.  E.  B.  P.,  Sergeant,  Co.  H,  306  Infantry, 
No.  1702538.  Aged  twenty-two  years,  white.  Died  September  28, 
1918,  at  6  a.m.,  at  Base  Hospital  26.  Autopsied  September  28, 
1918,  at  10  a.m.    Capt.  Moses  Barron,  M.C.,  pathologist. 

"  Clinical  Data.  This  case  is  that  of  a  young  man  admitted  to 
Base  Hospital  26  at  6  p.  m.,  September  27, 1918,  from  Hospital  Train 
No.  63,  with  a  diagnosis  of  gas,  deleterious,  absorption  of,  inhalation 
and  surface  contact.  Temperature  was  98°,  pulse  156,  respiration 
20.  The  field  medical  card  had  been  lost  in  transfer  to  the  train. 
Histon.-  obtained  stated  that  he  had  been  gassed  three  days  pre- 
viously. He  was  comatose,  markedly  cyanotic  and  breathed  with 
great  difficulty.  The  throat  was  reddened  and  swollen.  The  eyes 
were  closed  with  purulent  exudate.  There  were  rales  throughout 
the  chest,  with  bronchial  breathing  suggesting  consolidation.  Diag- 
nosis (addition)  was  made  of  bronchopneumonia,  left  lower  lobe. 
September  28,  temperature  was  99°,  pulse  108,  respiration  16. 
Death  occurred  at  6  a.m. 
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"External  Appearances.  There  is  purulent  exudate  on  the  con- 
junctivae of  both  eyes,  with  accumulation  at  the  margins  of  the  upper 
and  lower  lids.  Small  hemorrhages  are  present  on  the  ocular  con- 
junctivae laterally  to  the  cornese.  There  is  a  vesicle  around  the 
external  meatus  of  the  urethra,  2x3  cm.,  and  one  on  the  anterior 
surface  of  the  tibia,  1  cm.  in  diameter,  7  cm.  below  the  patella. 
There  is  another  vesicle,  2  cm.  in  diameter,  1  cm.  below  the  internal 
malleolus,  left. 

"Organs  of  the  Mouth  and  Neck.  On  opening  the  trachea  and 
larynx  there  is  found  marked  edema  of  the  mucosa  and  submucosa. 
Pin-point  hemorrhages,  with  minute  ulcerations,  are  scattered  over 
the  entire  epithelium.  A  purulent  exudate  covers  the  surface,  very 
marked  over  the  vocal  cords  and  at  the  base  of  the  epiglottis.  This 
is  firmly  adherent  to  the  epithelium.  The  vocal  cords  are  greatly 
thickened  and  the  glottis  appears  almost  completely  closed  through 
the  approximation  of  the  swollen  tissues  covered  by  the  exudate. 

"Lungs:  On  opening  the  bronchi  they  are  found  to  be  almost 
completely  filled  with  tenacious  masses  of  exudate.  In  the  smaller 
bronchioles  these  assume  a  pseudomembranous  character.  They 
extend  into  the  still  smaller  bronchioles  as  solid  plugs,  completely 
closing  the  lumina.  On  stripping  the  exudate  the  epithelium 
throughout  shows  pin-point  hemorrhages,  with  minute  ulcerations. 

"Left:  The  lower  lobe  is  large  and  voluminous.  The  lower  half 
is  feathery.  It  contains  several  irregular  collapsed  areas,  reddish 
brown  in  color,  in  contrast  to  the  grayish  pink  of  the  rest  of  the  lung. 
There  are  firm,  irregular  masses  present,  which  on  section  are  reddish 
brown  in  color  and  contain  grayish  areas,  1  to  5  mm-,  in  diameter, 
from  the  centers  of  which  pus  escapes  from  the  bronchioles.  The 
lower  margin  of  the  upper  lobe  is  firm  but  crepitates  slightly.  On 
section,  quantities  of  faintly  turbid,  blood-tinged  fluid  escape. 

"Right:  The  right  lung  has  only  two  lobes.  The  lower  lobe  is 
voluminous,  light  and  feathery.  The  lower  surface  of  the  upper 
lobe  shows  numerous  air  vesicles  varying  from  pin-point  size  to 
2  mm.  in  diameter,  situated  along  the  interlobular  septa.  On  section, 
quantities  of  pus  escape  from  the  large  bronchioles. 

"Anatomical  Diagnosis.  Edema  of  glottis;  acute  suppurative 
and  ulcerative  tracheobronchitis;  beginning  bronchopneumonia; 
edema  of  lungs;  acute  vesicular  and  interstitial  emphysema;  edema 
and  congestion  of  the  brain;  congestion  of  the  kidneys;  gas  burns 
of  the  conjunctivae  and  skin. 

"  Probable  Cause  of  Death.  Acute  suppurative  tracheobronchitis, 
with  beginning  bronchopneumonia  and  edema  of  the  glottis,  follow- 
ing gas  inhalation." 

Microscopic  Study  (Section  46).  The  bronchioles  are  lined  with 
a  fibrmopurulent  exudate.  Some  bronchioles  are  completely  plugged. 
The  plugs  present  a  denser  infiltration  with  leukocytes.  The  mucosa 
is  nearly  everywhere  absent  and  the  walls  are  infiltrated  with  poly- 
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morphonuclears.  The  capillaries  are  intensely  injected.  The 
alveolar  walls  immediately  surrounding  the  bronchioles  also  show 
this  injection  of  the  capillaries,  but  the  air  vesicles  contain  relatively 
very  little  exudate.  A  few  of  the  bronchioles  are  surrounded  by  a 
narrow  zone  of  alveoli  filled  with  poljTnorphonuclear  leukocytes  and 
some  fibrin.  There  are  small  patches  of  edema  in  which  the  albu- 
minous precipitate  is  very  dense,  resembling  colloid. 

Another  section  of  the  same  lung  shows  an  almost  similar  picture, 
but  the  purulent  exudate  in  the  alveoli  is  somewhat  more  marked. 

Case  II.— Autopsy  25-32.  ^Y.  B.,  Corporal,  Co.  F,  26  Infantry, 
No.  284685.  Aged  twenty-three  years,  white.  Died  October  14, 
1918,  at  2.45  a.m.  Autopsied  October  14,  1918,  at  11  a.m.  Capt. 
Moses  Barron,  M.C.,  pathologist. 

"Clinical  Data.  This  is  the  case  of  a  man  who  was  admitted  to 
Base  Hospital  No.  25  on  October  10, 1918,  with  extensive  skin  burns 
(second  degree)  over  the  face,  neck,  buttocks  and  thighs,  due  to 
mustard-gas  contact.  Inhalation  of  the  same  gas  caused  a  severe 
inflammatory'  condition  of  the  respiratory  passages.  Upon  admis- 
sion the  patient  was  cyanotic,  coughed  frequently  and  complained 
of  pains  in  the  chest.  Urinalysis  showed  albumin  in  the  urine  and 
hvalin  and  granular  casts.  The  patient  died  at  2.45  a.m.  on  October 
14,  1918. 

"Lungs:  The  lungs  and  organs  of  the  neck  are  removed  en  masse. 
The  p\Tiform  sinuses  are  covered  by  a  thick,  fibrinopurulent  mem- 
brane, which  is  firm  and  adherent.  The  epiglottis  is  thickened  and 
covered  by  a  similar  membrane.  The  entire  lar\Tix,  including  the 
vocal  cords,  presents  a  thick,  shaggy  membranous  exudate,  which, 
when  removed,  leaves  a  congested,  necrotic  and  somewhat  ulcerated 
surface.  Portions  of  the  exudate  extend  for  a  short  distance  into 
the  trachea.  Farther  down  into  the  trachea  the  mucosa  is  hemor- 
rhagic, purplish  red  in  color  and  covered  by  a  thin  hemorrhagic  and 
purulent  exudate,  which  becomes  more  marked  in  the  bronchi  and 
bronchioles  where  it  almost  occludes  the  lumina.  On  section  of  the 
lungs  the  cut  surfaces  are  mottled,  dark  brown  and  red,  with  yel- 
lowish plugs  completely  filling  some  of  the  small  bronchioles.  On 
pressure  large  quantities  of  frothy  fluid  flow  from  the  cut  surfaces. 
The  organs  crepitate  only  slightly.  Some  of  the  bronchioles  are 
surrounded  by  small  grayish  yellow,  firm  areas.  The  pleura  is 
covered  by  a  thin  layer  of  fibrinopurulent  exudate. 

"  Anatomical  Diagnosis.  Acute  fibrinopurulent,  hemorrhagic  and 
ulcerative  tracheobronchitis,  with  moderate  edema  of  the  glottis; 
early  bronchopneumonia,  with  edema  and  congestion  of  the  limgs; 
acute  fibrinopurulent  pleuritis;  diffuse  colloid  thyroid;  superficial 
bums  of  the  skin  from  poisonous  gas;  mild  acute  diffuse  nephritis. 

"Probable  Cause  of  Death.  Acute  fibrinopurulent  and  hemor- 
rhagic tracheobronchitis,  with  edema  of  the  lungs  and  partial  edema 
of  the  glottis  following  inhalation  of  poisonous  gas." 
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Microscop'W  Study  (Section  426) .  The  bloodvessels  throughout  the 
section  are  dilated  and  engorged.  The  bronchioles  are  plugged 
with  fibrinopurulent  exudate.  In  two  bronchioles  these  plugs  are 
seen  to  be  attached  to  the  wall  at  one  side,  at  which  point  the  mucosa 
is  destroyed  and  the  wall  is  edematous  and  extensively  infiltrated 
with  leukocytes.  Remnants  of  mucous  membrane  are  to  be  seen 
on  the  remainder  of  the  bronchial  wall.  The  capillaries  in  the  wall 
are  markedly  engorged  with  blood.  About  the  bronchioles  there 
is  extensive  hemorrhage  into  the  alveoli.  Patches  of  hemorrhage 
alternating  with  emphysematous  areas  are  scattered  throughout  the 
parench\'ma.  In  some  portions  of  the  section  the  alveoli  around 
the  bronchioles  are  filled  with  a  purulent  exudate. 

Case  III.— Autopsy  26-62.  A.  R.  B.,  Private,  Co.  I,  61  Infantry, 
No.  2253041.  Aged  twenty-two  years,  white.  Died  October  31, 
1918,  at  Base  Hospital  26.  Autopsied  November  1,  1918.  Lieut. 
Oliver  C.  Melson,  ^I.C,  pathologist. 

"  Clinical  Data.  This  case  is  that  of  a  man  who  was  admitted  to 
Base  Hospital  26,  October  12,  1918,  with  a  gunshot  wound  of  the 
right  lumbar  region.  He  was  suffering  from  absorption  of  gas, 
deleterious,  mustard,  by  inhalation  and  contact.  (Clinical  record 
is  not  available.)    Death  occurred  October  31,  1918. 

^'External  Appearances.  .  .  .  There  are  superficial  ulcera- 
tions of  the  ears,  eyes,  nose  and  mouth.  The  skin  of  the  right  hand 
and  forearm,  both  legs,  both  buttocks  and  back  is  pigmented.  There 
are  multiple  superficial  burns  of  the  skin  of  the  right  arm,  extend- 
ing from  6  cm.  above  the  elbow  to  5  cm.  below  it  on  the  lateral  and 
flexor  surface;  on  the  flexor  surface  of  the  right  forearm,  4  cm.  in 
diameter;  on  the  left  forearm  an  area,  1  cm.  in  diameter,  2  cm. 
above  the  wTist-joint  on  the  extensor  surface,  extending  2  cm. 
upward  and  inward;  and  also  a  smaller,  more  superficial  bum, 
5  mm.  in  diameter.  The  skin  over  practically  the  entire  back  is 
involved  in  superficial  burns.  .  .  .  The  posterior  and  inner 
surfaces  of  both  legs,  from  the  upper  third  of  the  thigh  to  6  cm. 
below  the  knee-joint  on  the  left,  are  involved  in  superficial  burns 
as  well  as  the  anterior  surface  of  the  left  knee-joint.  There  are  also 
superficial  bums  over  the  external  genitalia.  There  is  a  debrided 
wound,  partially  closed  by  silkworm  sutures  and  drained  by  tubes, 
which  extends  from  the  midline  (of  the  back)  to  the  level  of  the 
third  sacral  segment  and  downward  to  the  left  trochanter.  The 
mesial  portion  of  the  wound  connects  with  the  coccyx,  which  is 
fractured.     .     .     ." 

"Organs  of  the  Neck.  The  mucous  membrane  of  the  trachea 
and  lar;sTix  is  covered  by  fibrinopurulent  exudate,  which  is  very 
adherent,  appearing  as  a  pseudomembrane.  Near  the  bifurcation 
of  the  trachea  the  mucous  membrane  is  hemorrhagic,  with  minute 
ulcerations  scattered  over  the  surface. 

"Right  Lung:    The  right  lung  is  nodular  and  crepitant.    The 
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pleura  is  thickened  and  covered  by  many  firm  fibrous  adhesions. 
The  cut  surface  is  dark  red,  moist  and  studded  with  irregular  round 
raised  areas,  reddish  in  color.  From  the  centers  of  these  areas, 
yellow,  purulent  material  can  be  expressed  on  pressure.  Many  are 
soft  and  necrotic,  'VN'ith  a  very  foul  odor. 

"Left  Lung:  The  left  lujig  is  nodular  and  crepitant.  It  is  salmon 
colored  and  mottled  with  anthracotic  pigment.  The  lower  lobe  is 
covered  by  shagg}',  fibrous  adhesions.  At  the  apex  of  the  upper  lobe 
is  a  firm,  grayish,  non-aircontaining  area,  5  cm.  in  diameter,  which 
is  granular  to  the  feel  and  on  pressure  exudes  large  quantities  of 
yellow  purulent  material.  This  area  is  sharply  demarcated  from  the 
surrounding  tissue.  The  remainder  of  the  lung  corresponds  to  the 
right  in  description,  except  that  the  nodules  are  fewer  in  number. 
The  bronchi  contain  a  considerable  quantity  of  frothy  bloody  fluid. 
The  mucous  membrane  is  markedly  injected. 

Anatomical  Diagnosis.  Advanced  bilateral  bronchopneumonia, 
with  necrosis  and  abscess  formation;  acute  hemorrhagic,  suppura- 
tive and  ulcerative  tracheobronchitis  (due  to  gas  inhalation);  mul- 
tiple superficial  skin  bums;  gunshot  wound  of  the  left  buttock, 
with  compound  comminuted  fracture  of  the  cocc^'x;  chronic 
adhesive  pleuritis. 

"Probable  Cause  of  Death.  Acute  suppurative  and  ulcerative 
tracheobronchitis  and  bronchopneumonia." 

Case  IV.— Autopsy  56-68.  A.  R.  M.,  Private,  Co.  H.,  312 
Infantry,  No.  3754421.  Aged  twenty-one  years,  white.  Died 
January  3,  1919,  at  3.45  p.m.,  at  Base  Hospital  56.  Autopsied 
January-  4,  1919,  at  9.30  a.m.  First  Lieut.  George  W.  Covey,  M.C., 
pathologist. 

"Clinical  Data.  This  is  the  case  of  a  man  who  was  admitted 
to  Base  Hospital  26  on  October  24,  1918,  with  the  histon,-  of  having 
been  exposed  to  mustard  gas  on  October  IS.  There  were  no  skin 
bums,  but  the  eyes  were  much  inflamed.  Examination  showed  the 
patient  to  be  quite  cyanotic,  with  marked  conjunctivitis,  accom- 
panied by  purulent  discharge  and  ciliary  injection.  The  phan.Tix 
was  much  injected ;  pulse  good;  heart  negative;  lungs  showed  many 
whistling  rales  throughout,  with  crackling  rales  in  both  bases  most 
marked  in  the  left  posteriorly.  No  definite  consolidation.  Temper- 
ature 102°.  October  27,  smear  negative  for  B.  diphtheria.  Dulness 
and  suppression  of  breath  sounds  in  areas  in  the  right  axilla  and  the 
right  base  posteriorly.  November  25  he  was  much  improved;  still 
much  semipurulent  expectoration  and  cough;  chest  full  of  moist 
and  sonorous  rales.  Heart  rapid.  Persistent  afternoon  temperature 
of  100°.  November  30  the  throat  culture  was  positive  for  diphtheria 
and  10,000  units  of  diphtheria  antitoxin  given.  He  was  transferred 
to  Base  Hospital  56  on  December  1,  with  very  marked  membrane 
on  both  tonsils.  ^larked  hoarseness.  Given  30,000  units  of  diph- 
theria antitoxin  at  3  p.m.    December  3  was  given  20,000  units  of 
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antitoxin  at  9.10  p.m.  December  4  the  examination  of  the  chest 
showed  marked  bronchial  breatliing  all  over  the  lungs,  with  many- 
rales  of  all  characters.  Diagnosis:  acute  diffuse  bronchopneumonia, 
bilateral,  secondary  to  absorption  of  mustard  gas;  diphtheria, 
pharyngeal  and  tonsillar.  He  was  given  a  total  of  120,000  units 
of  antitoxin.  December  10  the  patient  had  an  attack  of  dyspnea 
lasting  a  few  minutes.   Examination  showed  respiration  of  asthmatic 


Fig.  1. — Larynx  and  trachea  two  months  and  ten  days  after  gassing  (Aut.  55-68, 
Case  IV  in  text).  Note  extensive  ulcerations,  most  marked  at  the  bifurcation.  The 
large  transversely  placed  ulcer  in  the  lower  part  of  the  trachea  perforated  through 
a  cartilaginous  ring. 

type,  at  the  bases  a  few  mucous  rales,  with  areas  of  consolidation. 
There  was  a  partial  paralysis  of  the  palate.  December  17  his  condition 
was  about  the  same;  sputum  negative  for  tubercles.  December  23 
the  patient  had  consolidation  of  right  base  of  bronchopneumonic 
type.  Quite  dyspneic.  January  3,  1919,  his  condition  was  worse; 
unable  to  take  nourishment;  bubbling  rales  throughout  lungs. 
Died  at  4  p.m.,  January  3. 
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"Pleural  Cavities:  The  left  pleural  cavitv-  has  a  strong  band  of 
adhesions  at  the  apex.  There  is  no  excess  of  fluid.  The  right  also 
has  a  strong  band  of  adhesions  at  the  apex  and  no  increase  in  fluid. 

"  Lungs  and  Organs  of  Neck :  The  organs  of  the  neck  and  the  lungs 
are  removed  en  masse.  The  esophagus  is  normal.  The  tonsils, 
pharj-nx  and  upper  portion  of  the  larsTix  are  normal.  Just  below 
the  posterior  extremity  of  each  vocal  cord  there  is  an  opening, 


Fig.  2. — Lung  from  same  case  as  Fig.  1.  (The  trachea  and  larjiix  are  lying  back 
of  the  lung,  with  the  epiglottis  and  base  of  tongue  showing  just  beneath  the  beise 
of  lung).  Note  the  numerous  areas  of  consolidation  scattered  throughout  the  cut 
surfaces.  In  the  centers  of  many  of  these  the  emptied  lumina  of  the  bronchioles 
may  be  seen.     Note  the  ragged  areas  of  necrosis  and  abscess  cavities. 

about  5  mm.  in  diameter,  leading  into  a  cavity  which  extends  into 
the  lar\-ngeal  wall  for  a  distance  of  about  1  cm .  Pus  can  be  expressed 
from  these  cavities;  othen^-ise  the  larjux  and  upper  5  cm.  of  the 
trachea  are  normal.  Beginning  about  5  cm.  below  the  larjux  and 
continuing  downward  throughout  the  trachea  and  bronchi  the 
mucosa  is  dark  greenish  in  color,  hemorrhagic  and  covered  with  pus. 
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About  5  cm.  above  the  bifurcation  there  is  an  ulcer  with  undermined 
edges,  extending  through  the  mucosa  and  through  a  cartilaginous 
ring  to  the  outer  coat  of  the  trachea.  It  measures  1  cm.  in  diameter. 
From  this  point  downward  there  are  similar  ulcerations  becoming 
more  and  more  numerous  (Fig.  1). 

"The  left  lung  is  voluminous,  heavier  than  normal.    There  is  a 
scar  at  the  apex.    Numerous  hemorrhages  are  present  beneath  the 


Fig.  3. — Larynx  and  trachea  from  a  case  of  mustard-gas  inhalation.  Note  exten- 
sive edema  of  aryepiglottic  folds  especially  the  right;  thick,  shaggy  membrane 
covering  the  larynx  and  vocal  cords;  membrane  in  patches  on  the  wall  of  the  trachea 
and  bronchi;  small  ulceration  of  the  wall  near  the  bifurcation. 

pleura.  There  is  marked  vesicular  emphysema.  The  cut  surface 
of  the  upper  lobe  reveals  a  group  of  calcified  nodules  beneath  the 
scar.  The  color  is  normal.  Large  quantities  of  pus  are  expressed 
from  the  bronchi  and  plugs  of  thick  white  exudate  are  expressed 
from  the  smaller  bronchi  and  bronchioles.  The  cut  surface  of  the 
lower  lobe  is  dark  red  in  color  and  practically  every  bronchus  con- 
tains a  plug  of  exudate  which  projects  above  the  surface.  Frothy 
bloody  fluid  exudes  from  the  parenchjTaa. 
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"The  right  lung  is  hea\y,  large,  firm,  with  marked  vesicular 
emphysema  and  numerous  hemorrhages  beneath  the  pleura.  The 
pleura  is  covered  by  a  fibrinopurulent  exudate.  The  cut  surfaces 
of  the  upper  and  lower  lobes  are  similar  and  as  follows:  Several 
large,  ragged,  irregular  abscess  cavities  filled  with  thin  grayish, 
granular  pus,  are  scattered  through  the  central  portions  of  these 
lobes  from  the  apex  to  the  base  (Fig.  2).    They  vary  from  a  few 


Fig.  4. — Larj-nx  and  trachea  from  case  of  mustard-gas  inhalation.  Note  thick 
membrane  covering  epiglottis,  obscuring  the  vocal  cords  and  extending  in  patches 
down  the  trachea;  thick  membrane  on  the  walls  of  the  primary  bronchi;  small  ulcer- 
ations of  tracheal  wall  near  the  bifurcation. 


millimeters  to  two  or  more  centimeters  in  diameter.  The  central 
portion  of  both  lobes  is  an  airless,  gray,  granular  mass — a  central 
pneumonia.  Toward  the  pleura  the  pneumonic  areas  become  more 
discrete  and  are  seen  as  gray,  raised,  granular  areas  varying  from  3 
or  4  mm.  to  1  cm.  or  more  in  diameter,  quite  definitely  circum- 
scribed. In  the  center  of  each  is  a  bronchiole  from  which  a  plug 
of  exudate  can  be  expressed.  Occasionally  the  center  of  a  larger 
discrete  area  is  seen  to  be  necrotic,  with  a  small  abscess  cavity 
(Figs.  1  and  2).    The  parenchyma  intervening  between  the  pneu- 
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monic  areas  is  dark  red  in  color  and  emphysematous,  with  areas  of 
hemorrhage.  Near  the  hilus  are  scattered  areas  showing  interlacing, 
firm  yellowish  streaks  suggesting  organization. 

"Anatomical  Diagnosis.  Marked  gangrenous  and  ulcerative 
tracheobronchitis;  marked  fibrinopurulent  bronchitis  of  smaller 
bronchi;  massive  bronchopneumonia,  right,  with  extensive  necrosis 
and  abscess  formation;  healed  pulmonary  tuberculosis;  right-sided 
fibrinopurulent  pleuritis;  chronic  adhesive  pleuritis;  marked 
vesicular  emphysema. 

"Probable  Cause  of  Death.  Gangrenous  and  ulcerative  tracheo- 
bronchitis; bronchopneumonia,  with  abscess  formation — following 
inhalation  of  poisonous  gases." 

Microscopic  Study  (Slide  449) .  The  striking  feature  of  the  section 
is  a  small  bronchus  dilated  and  filled  with  pus  cells.  In  the  center 
of  this  mass  is  a  group  of  vegetable  cells  and  spirals.  The  wall  of 
the  bronchus  is  only  faintly  visible,  being  infiltrated  with  polymor- 
phonuclear leukocytes.  The  mucosa  is  entirely  absent.  The  capil- 
laries are  intensely  injected  and  dilated.  In  two  places  the  wall 
is  completely  necrosed,  and  this  necrosis  extends  for  some  distance 
into  the  parenchyma  of  the  lung.  About  the  bronchus  and  through- 
out the  section  there  is  thickening  of  the  alveolar  walls,  which  are 
infiltrated  with  polymorphonuclears  and  show  a  large  increase  of 
connective  tissue.  The  alveoli  are  filled  with  fibrin  and  heavy 
precipitated  serum  through  which  are  scattered  a  few  cells.  Fibro- 
blasts are  seen  penetrating  the  exudate  in  numerous  instances,  and 
some  alveoli  are  completely  fibrosed. 

Discussion.  Case  I  died  the  day  after  admission,  and,  allowing 
one  day  for  transportation  from  the  field,  about  five  days  after 
gassing.  Here  are  seen,  as  the  outstanding  features,  edema,  con- 
gestion, hemorrhages  and  very  small  ulcerations,  with  thin  fibrino- 
purulent exudate  in  the  upper  respiratory  tract.  In  the  lower  air 
passages  one  finds  much  the  same  picture  with  a  more  tenacious 
exudate  which  almost  completely  plugs  many  bronchioles.  The 
parenchyma  shows  congestion,  edema,  emphysema,  areas  of  atelec- 
tasis and  very  small  bronchopneumonic  areas. 

Case  II  died  about  six  days  after  gassing.  The  exudate  in  this 
case  is  much  more  abundant  than  in  Case  I,  and  is  shaggy  and  mem- 
branous. The  ulcers  in  the  trachea  are  a  little  more  prominent. 
There  is  already  a  pleurisy  present. 

Case  III  died  twenty  days  after  gassing.  The  air  passages  show 
a  marked  pseudomembrane,  and,  upon  its  removal,  a  hemorrhagic 
and  ulcerated  surface.  The  lungs  showed  an  advanced  broncho- 
pneumonia, with  beginning  necrosis  and  abscess  formation  in  the 
center  of  some  of  the  pneumonic  areas. 

Case  IV  died  two  months  and  ten  days  after  being  gassed.  The 
air  passages,  trachea  and  bronchi  show  no  membrane,  but  instead 
show  marked  necrosis  of  the  mucosa,  with  large,  deep  ulcerations 
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extending  nearly  through  the  tracheal  wall.  The  lungs  show  exten- 
sive necrosis  and  abscess  formation,  accompanying  a  massive 
bronchopneumonia.  The  attempt  at  healing  is  shown  by  the  organi- 
zation of  the  exudate.  Many  alveolar  walls  are  thickened  and  some 
alveoli  are  completely  fibrosed.  Strange  to  say,  much  albuminous 
deposit  and  fibrin  are  still  in  evidence  in  the  air  cells.  Unfortunately, 
this  case  was  complicated  by  clinical  diphtheria,  but  most  probably 
this  complication  did  not  materially  change  the  lesions  found  at 
autopsy.  Only  one  finding  brings  up  a  question  of  etiology:  the 
evidences  of  the  aspiration  pneumonia  as  revealed  by  food  particles 
lying  imbedded  in  the  purulent  exudate  within  the  small  radicles 
of  the  bronchi.  Was  the  aspiration  of  the  material  due  to  the  par- 
alysis following  the  diphtheria  or  to  the  deep  ulcers  in  the  trachea 
opposite  the  esophagus?  The  abscess  formation  might  also  have 
been  augmented  by  the  aspiration  of  the  foreign  material. 

To  recapitulate :  Stage  one,  as  represented  by  the  first  two  cases, 
is  characterized  by  mild  edema,  hemorrhage,  beginning  ulceration, 
early  fibrinous  deposit,  emphysema  and  very  early  bronchopneu- 
monia. Stage  two  (Case  III)  by  a  marked  fibrinopurulent  pseudo- 
membrane,  more  extensive  ulceration,  emphysema,  advanced 
bronchopneumonia  and  beginning  necrosis.  Stage  three  (Case  IV) 
by  ulceration,  necrosis  and  abscess  formation,  with  massive  broncho- 
pneumonia. The  attempts  at  healing  are  revealed  by  the  organi- 
zation and  fibrosis. 

It  is  interesting  to  speculate  on  the  outcome  of  a  case  similar  to 
the  fourth  should  such  a  case  go  on  to  recovery  or  if  the  lesions  in 
the  trachea  should  continue  to  progress.  The  tracheal  ulcerations 
might  easily  perforate  the  wall,  resulting  in  mediastinal  abscess. 
Those  in  the  bronchi  near  the  bifurcation  might  ulcerate  through 
and  through  and  perforate  the  aorta.  \Mien  such  ulcers  heal,  con- 
tractures are  sure  to  obtain.  These  contractures  may  result  in 
traction  diverticula  of  the  esophagus.  In  the  parench\Tiia,  organiza- 
tion would  occur  and  result  in  disseminated  patches  of  fibrosis  or 
even  in  extensive  fibrosis  of  the  lungs  resembling  healed  tuberculous 
lesions.  Some  of  the  bronchioles  might  be  transformed  into  fibrous 
cords  through  the  organization  of  the  exudate. 

In  milder  involvement  the  walls  only  might  go  on  to  a  fibrosis 
of  a  greater  or  lesser  degree,  which  would  result  clinically  in  a  chronic 
bronchitis.  Upon  the  extent  of  the  injurj^  to  the  bronchial  tree  will 
depend  the  intensity  of  the  clinical  sjTnptoms  of  convalescent  and 
recovered  cases,  as  manifested  by  the  chronic  bronchitis  and 
emphysema.  From  what  has  been  said  above,  many  cases  will 
undoubtedly  present  grave  clinical  difficulties  in  the  differential 
diagnosis  from  pulmonar\'  tuberculosis. 
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From   the  Base   Laboratory,   Hospital   Center,   Allerey,   Saone   et  Loire,   France 

Havard^  states  that  diphtheria  is  "a  disease  of  minor  importance 
in  the  Army."  He  quotes  statistics  to  support  this  view.  Keefer^  and 
others,  however,  find  that  an  epidemic  of  this  disease  is  at  times  very 
difficuh  to  control.  It  has  been  the  experience  of  the  writers  at  the 
Hospital  Center,  Allerey,  Saone  et  Loire,  France,  that  it  requires  at 
times  considerable  effort,  ingenuity  and  cooperation  between  the  labo- 
ratory, ward  surgeons,  nursing  corps  and  patients,  to  bring  about  the 
desired  results.  In  one-story  wooden  barracks  and  tents,  covering  less 
than  one  square  mile  of  space,  there  were  over  17,000  patients  and  3,000 
personnel  at  the  time  that  the  disease  was  at  its  maximum.  It  is  evi- 
dent that  the  crowding  was  very  great,  and  this  condition  always 
hampers  the  control  of  a  contagious  disease. 

Epidemiology 

The  first  case  of  diphtheria  on  record  at  this  Center  occurred  in  Ward  V, 
Base  Hospital  26,  Sept.  24,  1918.  There  were  two  more  on  Oct.  1.  one  on  the 
5th,  one  on  the  8th,  three  on  the  9th,  and  so  on  until  in  the  period  of  Nov.  10 
to  Dec.  8,  from  one  to  seven  cases  were  reported  daily.  The  incidence  of 
clinical  cases  and  carriers  at  each  base  hospital  is  shown  in  chart  1.  Chart  2 
is  a  composite  of  all  the  cases  in  the  entire  Center.  The  three  hospitals 
(26,  25  and  49)  in  which  the  first  cases  appeared,  were  the  ones  in  which 
more  than  two-thirds  of  the  entire  number  of  cases  developed.  It  should  be 
borne  in  mind  that  since  these  three  hospitals  were  the  first  to  arrive  at  this 
Center,  they  received  the  largest  number  of  patients.  In  these  hospitals  sev- 
eral nurses  and  ward  men  who  had  been  known  to  be  carriers  in  the  States 
were  again  identified  as  such  here,  but  only  after  the  infection  had  been  under 
way  for  some  time  and  the  culturing  had  become  general.  Such  chronic  car- 
riers might  have  been  factors  in,  introducing  the  disease  at  this  Center,  but 
it  is  also  possible  that  they  were  reinfected  here.  It  may  perhaps  be  unjust 
that  a  person  once  found  to  be  a  diphtheria  carrier  should  thereafter  always 
be  blamed  for  any  diphtheria  developing  in  the  vicinity,  hut  the  possibilit>'  of 
course  cannot  be  denied.  One  of  the  supposed  carriers  had  only  a  true 
Hoffman's  bacillus  morphologically  and  culturally,  since  it  did  not  ferment 
any  of  the  sugars. 

Very  early  in  the  epidemic  carriers  were  found  with  striking  frequency 
among  the  gassed  cases.  A  number  of  these  cases,  diagnosed  as  diphtheria 
because   of   positive    throat   cultures,   came   to    postmortem    examinations    and 
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showed  either  no  membrane  at  all  or  only  a  small  and  clinically  insignificant 
one.  Yet  from  the  larynx  of  these  cases  practically  pure  cultures  of  typical 
B.  diphtheriae  were  obtained.  The  relative  frequency  with  which  such  cases 
were  encountered  suggested  a  second  possible  mode  for  the  introduction  of 
the  organism  at  this  Center. 

The  first  ward  to  be  under  quarantine  for"  any  length  of  time,  due  to  the 
constant  discovery  of  new  carriers,  was  the  pneumonia  ward  at  base  hospital 
26,  where  there  were  a  large  number  of  gassed  cases.  The  same  was  true  in 
base  hospital  56.  In  base  hospital  25  the  first  cases  of  diphtheria  appeared  in 
the  gassed  wards.  At  one  time  there  were  75  known  diphtheria  carriers 
(chart  5,  B)  of  whom  ZZVz^  gave  histories  of  gassing;  whereas,  of  the  35 
clinical  cases  only  5.7%  gave  such  a  history.  As  a  possible  explanation  of 
the  marked  preponderance  of  carriers  over  clinical  cases,  it  is  suggested  that 
the  inflammatory  changes  in  the  respiratory  mucous  membrane  incident  to 
gassing  produces  an  environment  favorable  for  bacterial  growth.  The  pneu- 
mococcus  and  particularly  the  streptococcus  are  invasive  organisms  frequently 
causing  pneumonia  in  such  cases,  but  the  diphtheria  bacillus  is  relatively  non- 
invasive. Consequently,  while  the  antitoxin  producing  power  of  the  patient 
remains  unimpaired,  diphtheria  bacilli  may  be  present  in  large  numbers  with- 
out causing  the  disease.  Such  cases  are  carriers.  It  was  impossible  to  go 
on  with  this  phase  of  investigation  since  with  the  cessation  of  hostilities  no 
more  gassed  cases  arrived. 

Crowding,  which  means  droplet  infection,  was  probably  the  chief  factor 
in  the  spread  of  diphtheria  at  this  Center.  During  October  and  early  Novem- 
ber all  wards  were  greatly  overcrowded.  Designed  for  50  beds,  they  held  70. 
To  many  of  the  wards  were  attached  one  or  more  tents  of  50  beds  each,  with 
only  just  space  enough  to  crowd  between  every  second  bed.  In  the  wards,  two 
patients  had  to  share  the  same  table.  There  were  barely  sheets  enough  to 
cubicle  the  acute  respiratory  wards. 

When  the  pneumonia  ward  of  base  hospital  26  was  first  quarantined  it  was 
very  striking  how,  over  a  period  of  some  2  weeks,  carriers  continued  to  appear 
in  two  of  the  tents  connected  with  the  ward,  whereas  the  third  tent  remained 
uninfected,  though  cultured  as  often  as  the  others.  This  result  can  be 
explained  only  by  strict  isolation  of  the  uninfected  tent  from  those  which  were 
infected,  or.  due  to  the  crowding,  had  the  organism  once  been  introduced, 
it  would  undoubtedly  have  spread  from  one  end  of  the  tent  to  the  other  in 
a  comparatively  short  time,  just  as  it  had  in  the  other  two. 

The  indirect  spread  of  infection  by  hands  and  fomites  as  opposed  to  direct 
spread  by  droplet  infection  has  been  known  for  a  long  time.'  Fumigation  in 
all  its  aspects  is  intended  to  combat  this.  But  of  late  the  idea  that  a  con- 
tagious patient  in  bed  may  infect  the  outmost  corners  of  his  room  has  been 
replaced  by  that  of  direct  droplet  infection  incident  to  coughing,  talking, 
sneezing,  etc^  so  that  only  objects  in  immediate  contact  with  a  patient  are 
considered  dangerous.  Supreme  emphasis  is  therefore  placed  on  the  masking 
of  all  in  attendance.  'The  pendulum  has  swung  a  little  too  far,  as  our  investi- 
gation would  suggest,  from  indirect  transmission  through  hands  and  fomites 
to  direct  transmission  by  means  of  mouth  to  mouth  droplet  infection.  This 
phase  of  the  investigation  was  suggested  by  Lieut.-Col.  Witherspoon,  and  it 
seemed  that  in  the  typical  diphtheria  bacillus  we  had  an  unusual  opportunity 
for  study,  since  this  organism,  we  thought,  could  be  recognized  in  culture 
by  its  morphology  alone.  Also  we  had  here  a  considerable  number  of  clinical 
cases  and  contacts  under  far  better  control  than  is  possible  in  civil  life. 

»  Park.  W.   H.,  and  Williams,  A.   W.:   Pathogenic  Micro-organisms,   1917,  p.  297. 
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Chart  1. — It  should  be  noted  that  base  hospitals  49,  25  and  26  furnished  most  of  the 
clinical  cases  and  carriers.  Up  to  Nov.  6,  three  to  four  carriers  were  found  at  base  hospitals 
49  and  26  for  each  clinical  case,  whereas,  compared  with  the  number  of  clinical  cases,  base 
hospital  26  showed  few  carriers.  This  may  in  part  be  accounted  for  by  the  less  general 
culturing  at  this  hospiul  at  this  time.  The  clinical  case  at  base  ho^ital  26  recorded  on 
Oct.  1  was  the  first  case  at  this  Center  and  should  have  been  recorded  on  Sept.  24,  had 
the  chart  permitted.  The  first  carrier  at  provisional  hospital  4  was  sent  to  base  hospital  56 
as  a  clinical  case,  but  it  was  decided  to  be  merely  a  follicular  tonsillitis  with  a  positive 
culture.  On  Dec.  6,  7  and  8  the  marked  increase  in  carriers  at  base  hospital  49  was  due  to 
the  great  prevalence  of  the  atypical  forms.  The  same  were  found  Dec.  8  at  base  hospital 
26,  when  the  carelessness  was  shown  in  taking  cultures.  These  were  never  reported  positive, 
since  the  ward  was  quarantined  and  all  throats  cultured.  The  same  procedure  was  adopted 
at  base  hospital  49,  as  is  shown  by  the  marked  drop  in  the  curve  of  cultures  Dec.  9.  The  most 
recent  cases  recorded  at  base  hospital  56  were  in  patients  held  in  the  cubicle  and  mask 
observation  ward,  which  may  account  for  the  absence  of  new  carriers.  It  should  be  noted 
that  in  all  instances  the  sum  of  chart  1  will  not  equal  chart  2.  This  is  because  some  13  of 
the  first  clinical  cases  could  not  be  traced  back  to  the  base  hospital  where  they  originated, 
and  some  few  cases  were  sent  in  from  the  convalescent  camp,  which  is  not  shown  on  chart  1. 
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The  diphtheria  wards,  both  clinical  and  carrier,  were  chosen  for  this 
investigation,  using  wards  in  which  no  cases  of  diphtheria  had  developed  as 
controls.  In  all,  522  cultures  were  made.  The  following  procedure  was 
adopted:  a  sterile  swab  moistened  in  sterile  broth  was  wiped  over  the  palm, 
particular  attention  being  paid  to  the  creases.  It  was  felt  that  owing  to 
heat  and  moisture  the  creases  would  be  most  likely  to  retain  the  organisms 
which  might  be  deposited  there.  The  swab  was  inoculated  on  Loeffler's  blood 
serum  and  incubated  from  16-18  hours.  Working  on  the  principle  suggested 
by  Williams,*  some  90  cultures  were  enriched  after  8  hours'  incubation  by 
inoculating  fresh  tubes  with  a  loop  passed  over  the  surface  of  the  original 
one.  Both  series  of  tubes  were  examined  from  10-12  hours  later.  The  enriched 
series  did  not  show  a  constant  increase  in  the  number  of  positives  and  the 
procedure  was  discontinued.  A  few  cultures  were  first  taken  from  the  fingers 
also,  but  this  was  soon  abandoned  because  no  additional  information  was 
obtained.  It  was  felt  that  contamination  of  the  fingers  could  be  reasonably 
assumed  once  the  palm  was  proved  positive. 

All  the  attendants  and  nearly  all  the  patients  were  masked  in  the  clinical 
and  carrier  diphtheria  wards.  A  few  of  the  bed  patients  who  were  cubicled 
were  not  masked  Occasionally  the  patients  were  asked  to  cough  before  the 
cultures  were  taken.  Patients  without  masks  and  often  patients  with  masks 
would  unconsciously  place  their  hands  on  their  mouths  when  coughing.  At 
times  they  were  explicitly  told  to  cough  into  their  hands.  This  was  done 
routinelj'  toward  the  latter  part  of  our  investigation. 

For  purposes  of  comparison  patients  were  divided  into  two  groups :  Those 
in  "infected"  wards,  and  those  in  "uninfected"  wards.  Wfe  use  the  term 
"infected"  wards  to  mean  wards  in  which  clinical  cases  or  carriers  were 
isolated.  Base  hospital  56  furnished  the  "infected"  wards  because  all  clinical 
and  carrier  cases  from  the  Center  were  sent  there.  The  term  "uninfected" 
refers  to  wards  in  which  no  clinical  case  or  carrier  had  been  identified  at 
any  time ;  such  wards  were  selected  from  hospitals  in  which  there  had  been 
the  least  amount  of  diphtheria.  These  groups  were  again  divided  into  "masked" 
and  "unmasked."  Unmasked  patients  were  rather  hard  to  find  in  the  diph- 
theria wards,  with  the  exception  of  the  cubicled  bed  patients.  In  the  "unin- 
fected" wards  chosen,  all  were  unmasked.  Fomites  were  similarly  subdivided 
into  "masked"  and  "unmasked."  Only  articles  used  or  handled  by  masked 
patients  were  considered  "masked"  fomites.  Such  articles  included  door-knobs, 
handles  on  latrine  pail  covers,  pokers,  crutches,  and  personal  possessions  such 
as  mess-kits,  mirrors,  rosaries,  magazines,  foot-rails  of  beds,  etc.  The  per- 
sonal possessions  of  unmasked  bed  patients  were  considered  "unmasked" 
fomites.  This  distinction  is  entirely  arbitrary,  since  cigaret  papers,  spoons, 
mirrors,  combs,  etc.,  are  used  when  the  mask  is  off  and  the  patient  who  is 
masked  at  the  time  of  culture  may  have  had  his  mask  off  or  hanging  from 
one  ear  only  5  minutes  previously. 

The  typical  diphtheria  bacillus  when  present  in  these  cultures  was  found 
only  after  considerable  search.  They  were  usually  in  clumps  of  three  or  more, 
showing  polar-staining  and  parallel  or  stellate  arrangement.  The  majority 
were  of  the  smaller  forms  corresponding  to  Wesbrook's  "C"  or  "D".  The 
atypical  diphtheria  bacillus  or  diphtheroid  was  similar  in  morphology  to  that 
found  in  the  throat,  in  the  mouth,  in  the  anterior  nares,  and  in  several  of 
the  wounds.  It  resembles  the  diphtheroid  described"  as  the  normal  inhabi- 
tant of  the  skin. 

<  Ibid.,  p.  306. 

'  Eberson:  Jour.  Infect.  Dis.,  1918,  23,  p.  1. 
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The  number  of  the  organisms  showing  metachromatic  polar  granules  was 
very  surprising.  Some  of  these  were  often  indistinguishable  from  the  large 
polar-staining  diphtheria,  though  the  frequency  of  a  large  metachromatic 
granule  at  the  center  made  one  at  once  suspicious.  Also  the  majority  did 
not  show  the  characteristic  tapering  toward  the  center  nor  the  usual  slight 
curve.  When  the  grouping  of  these  organisms  in  the  smears  was  considered, 
the  absence  of  all  palisade  arrangement  was  striking,  the  bacilli  often  appear- 
ing in  chains  of  two,  three  or  even  more.     Spore-bearing  bacilli  were  found 
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Chart  2. — Note  that  in  general  the  curve  of  new  carriers  found  follows  that  of  the 
number  of  cultures  examined.  The  marked  exception  is  on  Dec.  8,  when  the  atypical  form 
was  being  found  in  great  numbers  at  base  hospital  49.  In  Oct.  and  early  Nov.  the  culturing 
was  much  less  general,  only  those  immediately  exposed  being  cultured.  Hence,  there  was 
at  that  time  a  much  higher  proportion  of  positives. 


in  the  same  smears.  These  two  forms  were  occasionally  the  only  organisms 
present.  It  is,  of  course,  unreasonable  to  expect  to  recover  an  almost  pure 
culture  of  diphtheria  bacilli  in  cultures  from  the  foot  of  a  bed  or  from  the 
hand  of  a  patient,  even  when  the  patient  is  known  to  harbor  this  organism 
in  his  throat.  It  was  felt  that  the  spore-bearing  and  the  polar-staining 
bacilli  were  probably  only  different  forms  of  the  same  organism — a  saprophyte 
corresponding  to  Bizzozero's  Leptothrix  epidermis  and  not  a  diphtheroid  at 
all.  To  prove  this,  isolation  was  attempted.  Isolation  through  plating  failed 
because  of  the  extremely  spreading  character  of  the  growth.  Isolation  of  the 
spore-bearer  through  heating,  however,   was   successful.     Suspensions   of  the 
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culture  in  salt  solution  were  heated  for  half  an  hour  at  70  C.  and  then  planted 
out  on  Loeffler's  blood  serum.  As  controls  were  used  cultures  of  typical 
diphtheria  from  a  clinical  case  which  killed  a  guinea-pig  in  36  hours ;  a  cul- 
ture of  typical  diphtheria  recovered  from  a  larynx  at  necropsy;  a  culture  from 
a  wound  showing  type  "D  2"  organisms.  All  the  controls  showed  no  growth 
in  the  subcultures  at  the  end  of  12  hours.  The  subculture  of  the  spore-bearer, 
however,  showed  an  abundant  growth  at  the  end  of  24  hours  with  both  the 
polar-staining  and  the  spore-bearing  forms  present.  These  were  identical 
with  the  original  culture.  Cultures  from  the  foot  of  the  bed,  from  a  hand, 
and  from  a  rosary,  all  showing  these  two  forms,  had  the  same  forms  in  the 
subcultures  after  heating.  This  gave  us  convincing  proof  that  this  polar- 
staining  form  was  not  of  the  diphtheria  group  at  all,  though  in  occasional 
instances  it  would  have  been  extremely  difficult  to  exclude  it  without  the 
examination  following  heating. 

Chart  3  shows  results  of  the  522  cultures  from  hands  and  fomites ;  16.1% 
of  the  "unmasked"  hands  in  "infected"  wards  showed  typical  diphtheria,  while 
only  6.4%  of  the  "masked"  hands  showed  it,  thus  indicating  the  value  of 
masking  in  preventing  droplet  infection  of  the  hands.  Of  the  cultures  from 
unexposed  wards,  5.4%  showed  a  diphtheroid  and  none  typical  diphtheria  bacilli. 
The  incidence  of  this  diphtheroid  in  cultures  from  exposed  wards  was  much 
higher,  10.3  % ;  in  these  wards  patients  were  known  to  harbor  a  morpho- 
logically similar  organism.  However,  since  these  organisms  or  similar  organ- 
isms are  normal  inhabitants  of  the  skin,  the  results  of  the  investigation  as 
far  as  this  organism  is  concerned,  may  be  somewhat  misleading,  because  its 
presence  may  be  accounted  for  otherwise  than  by  droplet  infection  from  the 
throat.  But  when  a  typical  diphtheria  bacillus  is  found  on  the  hand  and  at 
the  same  time  is  known  to  be  an  inhabitant  of  the  patient's  throat,  it  is 
reasonable  to  assume  a  direct  transmission  from  throat  to  hand  by  coughing 
or  sneezing,  and  thence  to  fomites  by  the  contaminated  hand.  As  noted  above, 
this  study  would  emphasize  the  value  of  masks  in  preventing  droplet  infection 
of  hands  and  probably  of  fomites,  but  whether  direct  droplet  infection  from 
mouth  to  mouth  or  indirect  droplet  infection  by  way  of  the  hands  and  fomites 
is  the  principal  mode  of  spread  must  still  be  little  more  than  a  matter  of  indi- 
vidual opinion.  However,  this  does  emphasize  what  has  long  been  known — 
the  importance  of  the  indirect  method  of  spread  of  diphtheria.  Greater  atten- 
tion must  be  paid  to  this  manner  of  disseminating  contagious  diseases. 

A  third  factor  in  spread,  once  the  organism  had  been  introduced,  was  late 
diagnosis.  Because  of  the  considerable  number  of  gassed  patients  in  the  hos- 
pitals, recognition  of  laryngeal  diphtheria  was  at  times  extremely  difficult.  This 
was  due  to  the  great  similarity  between  the  two  diseases,  not  only  in  the 
mechanical  obstructive  symptoms  which  developed  but  also  in  the  appearance 
of  the  membranous  exudates.  The  severely  gassed  cases  often  developed 
fibrino-purulent  membranes  which  covered  the  lining  of  the  larynx  and  trachea, 
extending  from  the  epiglottis  down  into  the  bronchi  and  bronchioles.  The 
aryepiglottic  folds  and  tissues  about  the  ventricles  and  vocal  cords  were  at 
times  markedly  edematous,  producing  voice  changes,  hoarseness  and  mechanical 
obstruction  to  breathing.  This  membranous  exudate  rarely  extended  upward 
into  the  pharynx  and  never  over  the  tonsils.  But  nearly  all  of  the  serious 
cases  of  diphtheria  had  severe  laryngeal  involvement,  often  without  any  phar- 
yngeal manifestations,  so  that  even  at  necropsies  it  necessitated  close  scrutiny 
to  differentiate  between  the  two  types  of  lesions.  Besides,  diphtheria  was 
sometimes    superimposed    on    the    laryngitis    following   gassing.      It    is    there- 


^vl'fvT^S        -V^-wm     'HoL'nd.^       o^-n<^      '<fCn>i't^<J. 


50 


45 


30 


K 


-^cfo 


390 


H 


sr 


1 


"^ 


>% 


3^ 

J 


60 


Chart  3. — "Exposed"  Wards:  Typical  B.  diphtheriae  on  "masked"  hands,  6.3%;  on 
"masked"  fomites,  8.1%;  Typical  B.  diphtheriae  on  "unmasked"  hands,  16.1%;  on 
"unmasked"  fomites,  4.9%;  Atypical  B.  diphtheriae  on  "masked"  hands,  6.3%;  on  "masked" 
fomites,  11.7%;  Atypical  B.  diphtheriae  on  "unmasked"  _  hands,  14.9%;  on  "unmasked" 
fomites,  7.4%.  "Unexposed"  Wards:  Atypical  B.  diphtheriae  on  "unmasked"  hands,  5.9%; 
on  "unmasked"  fomites,  5.0%.  "Exposed"  wards  were  those  in  which  the  clinical  cases  of 
diphtheria  or  carriers  were  treated.  "Unexposed"  wards  were  those  in  which  no  cases  of 
diphtheria  or  carriers  had  been  found  at  any  time.  The  term  "masked"  means  that  the 
patient  whose  hands  or  fomites  were  cultured  wore  a  mask,  while  "unmasked"  means  con- 
versely that  he  wore  no  mask.  It  should  be  noted  that  typical  B.  diphtheriae  was  found 
nearly  three  times  as  often  on  the  hands  of  those  not  wearing  masks  as  on  those  f  earing 
them.  Nearly  the  same  difference  was  found  with  the  atypical  form.  With  the  fomites  the 
"masked"  were  more  often  infected.  This  may  be  explained  in  part  by  the  fact  that  many  of 
the  fomites  considered  "masked"  were  used  only  when  the  patients  were  unmasked.  None 
of  the  control  cultures  on  "unexposed"  wards  showed  typical  B.  diphtheriae. 
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fore  easily  seen  that  there  were  great  difficulties  in  differential  diagnosis.  As 
a  result  an  order  was  sent  out  that  on  admission  to  the  hospital  all  gassed 
cases  must  be  cultured  for  diphtheria. 

Three  cases  came  to  necropsy  in  which  laryngeal  diphtheria  was  found  to 
be  the  cause  of  death  but  which  were  not  diagnosed  clinically.  Two  more 
patients  died  of  laryngeal  diphtheria  in  which  the  diagnosis  was  made  only 
24  hours  before  death.  Such  cases  obviously  are  a  great  menace  in  con- 
gested wards.  Another  case  of  delayed  diagnosis  was  that  of  an  enlisted  man 
who  came  to  the  laboratory  for  examination  accompanied  by  an  attendant 
from  one  of  the  medical  huts.  He  had  been  sick  for  3  days,  sitting  around  the 
stove  in  his  barracks.  There  was  marked  respiratory  stridor,  some  aphonia, 
and  considerable  swelling  of  the  neck  which  had  been  painted  with  iodin.  On 
inspection  he  showed  a  perfectly  characteristic  membrane  over  both  tonsils 
extending  up  onto  the  soft  palate.  Direct  smears  from  the  exudate  showed 
the  diphtheria  bacillus.  Such  experiences  of  delayed  diagnoses  help  explain  the 
spread  of  diphtheria  in  spite  of  all  other  precautions. 

BACTERIOLOGY 

During  our  study  of  diphtheria  at  this  Center,  beside  the  typical 
polar-staining  bacillus  of  Klebs  and  Loeffler,  we  found  a  small  diph- 
theroid in  large  numbers  from  cultures  of  the  nose  and  throat.  Our 
attention  was  called  to  this  organism  early,  when  a  ward  at  base 
hospital  49  was  cultured.  Two  cases  showed  this  bacillus  in  practi- 
cally pure  culture  with  no  typical  polar  staining,  and  the  ward  was 
pronounced  negative.  Three  days  later  a  new  clinical  case  appeared 
in  this  ward.  This  led  us  to  report  the  first  culture,  in  which  this 
diphtheroid  appeared  as  ''Diagnosis  reserved,"  and  to  request  a  new 
culture.  If  the  organism  persisted,  the  report  "Positive  atypical"  was 
made.  This  arbitrary  standard  was  to  be  followed  until  we  had  time 
to  obtain  results  as  to  its  virulence  and  its  frequency  in  clinical  cases. 

This  diphtheroid  is  a  lancet-  or  wedge-shaped  diplobacillus  slightly  resem- 
bling pneumococcus  but  somewhat  longer  in  proportion  to  its  width.  It  shows 
the  palisade  arrangement  characteristic  of  the  diphtheria  group,  and  tinc- 
torially  and  morphologically  corresponds  to  "D2"  in  Wesbrook's  classification. 
It  is  gram-positive,  nonmotile,  shows  no  spores  and  no  capsule.  As  a  routine 
in  the  laboratory  we  used  Barron's  polychrome  toluidin-blue''  diluted  1 : 5, 
which  stains  it  uniformly  except  for  the  midfissure.  There  are  neither  barred 
nor  polar  forms.  We  have  found  that  this  form  may  go  over  into  the  typical 
staining  organism,  may  be  mixed  with  it,  or  may  remain  entirely  true  to  type. 
For  example,  a  throat  culture  has  not  infrequently  been  brought  to  the  lab- 
oratory in  the  morning,  which  after  some  8  hours'  incubation  showed  only  the 
wedge  forms ;  whereas,  on  the  following  morning  only  typical  polar  forms  were 
present.  Again,  at  base  hospital  26  one  of  the  gassed  cases,  followed  by 
pneumonia,  was  negative  when  examined  in  a  routine  culture  of  the  quaran- 
tined ward.  Two  days  later  the  patient  showed  a  few  of  the  atypical  forms, 
and   these  were   practically   in   pure  culture   the   next   day.     A  culture  on   the 

"  Jour.    Lab.    and    Clin.    Med.,    1918,    3,   p.    432. 
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Chart  4. — ^A:  "Diagnosis  reserved"  was  the  report  given  on  cixltures  when  the  atypical 
form  was  first  found.  A  second  culture  was  requested  and  if  the  organism  persisted  the 
2nd  day  the  report  "Positive  atypical"  was  given.  The  first  column  shows  that  in  about 
three  out  of  every  four  cases  the  atypical  form  did  not  persist,  that  is,  it  was  but  a  transient 
inhabitant  of  the  throat.  Note  that  the  atypical  form  only  was  found  in  56.1%  of  the 
carriers  and  60.4%  of  the  clinical  cases;  the  atypical  form  only  appeared  in  40.1%  of  the 
carriers,  and  12%  of  the  clinical  cases;  both  forms  were  found  at  different  times  in  3.8% 
of  the  carriers  and  19.7%  of  the  clinical  cases.  The  7.9%  of  the  clinical  cases  in  which  no 
organism  of  the  diphtheria  group  was  found  is  accounted  for  as  follows:  At  first  all  the 
individual  cultures,  among  which  were  most  of  the  clinical  cases,  were  examined  at  the 
unit  laboratories.  If  found  positive  the  patient  was  sent  to  the  contagious  hospital,  where, 
owing  to  the  stress  of  work,  no  other  culture  often  was  taken  until  the  patient  was  con- 
valescent and  ready  for  discharge.  In  such  cases  he  would  not  appear  on  our  records  until 
late  and  then  occasionally  as  having  only  negative  cultures.  B:  This  chart  is  made  from 
patients  found  in  the  carrier  and  clinical  wards  at  a  given  time,  and  not  from  selected  cases. 
Unfortunately  the  percentage  of  gassed  cases  of  the  total  number  of  patients  in  the  hospital 
was  unobtainable.  But  it  is  striking  that  although  the  carriers  and  clinical  cases  came 
from  the  whole  Center  at  large,  331*1%  Qf  tj,e  carriers  gave  a  history  of  gassing,  while  only 
5%   of  the  clinical   cases  gave  such  a  history. 
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following  day  showed  typical  B.  diphtheriae.  At  necropsy  smears  from  the 
larynx  showed  the  characteristic  organisms,  though  there  was  no  evidence  of 
any  membrane.  Some  of  the  throat  cultures  showing  only  wedge  forms  in 
original  culture  showed  a  mixture  of  wedge,  polar,  barred  and  club  forms 
after  isolation  in  pure  culture  (chart  4). 

The  cultural  characteristics  of  this  form  are  not  unlike  those  of  typical 
diphtheria.  On  Loeffler's  blood  serum,  at  the  end  of  from  12-16  hours,  it 
shows  small,  discrete,  glistening,  buff-gray  colonies,  slightly  raised.  Toward 
the  butt  of  the  tube,  where  the  medium  is  moist,  they  become  confluent.  On 
broth  there  is  moderate  clouding,  at  times  flocculation,  but  no  pellicle  forma- 
tion. The  relation  of  this  organism  to  the  typical  diphtheria  bacillus  is  one 
of  great  interest.  Table  1  shows  the  morphology  and  sugar  reactions  on  14 
cultures  isolated  early.  Six  are  from  clinical  cases,  of  which,  in  the  original 
cultures,  4  showed  the  typical  organisms,  and  2  the  wedge  form  only.  When 
isolated  in  pure  culture  all  showed  the  typical  form.  The  other  8  cultures 
were  from  carriers,  2  of  which  showed  typical  diphtheria,  and  the  6  others 
showed  a  preponderance  of  the  wedge  form. 

Technic  of  Isolation. — A  small  loop  of  material  from  the  original  throat 
culture  was  streaked  out  on  one-half  of  a  1%  dextrose-agar  plate,  to  which 
one-half  of  1  c  c  of  human  serum  had  been  added.  From  this  a  suspicious 
colony,  usually  pinhead  size  or  smaller,  discrete,  translucent,  of  a  bluish,  skim- 
milk  color,  was  streaked  on  half  of  a  second  plate.  From  this  a  colony  was 
streaked  on  Loeffler's  blood  serum  and  after  from  16-18  hours'  incubation  was 
examined   for  morphology. 

Fennentation  Reactions. — Pure  cultures  were  inoculated  into  tubes  of  10 
CO  of  Hiss'  serum  water  to  which  Vz  c  c  of  a  20%  sugar  solution,  sterilized 
fractionally,  had  been  added.  One-tenth  of  1  cc  of  sterile  Andrade  indicator 
was  added  on  the  2nd  day.  The  tubes  were  read  after  2,  4,  6  and  8  days  of 
incubation.     On  the  8th   day   smears   were  examined    for  contamination. 

It  has  been  the  experience  of  one  of  us  in  a  study  of  diphtherial  infection 
in  wounds  that  the  saccharose  fermentation  was  of  considerable  importance 
as  regards  virulence,  that  is,  that  nonsaccharose  fermenters  are  virulent  and 
most  saccharose  fermenters  are  avirulent  or  only  slightly  virulent.  Because 
of  the  difficulty  in  obtaining  guinea-pigs  and  the  unsatisfactory  results  obtained 
in  intracutaneous  virulence  tests,  only  five  cultures  were  tested.  As  chart  4 
shows,  two  of  the  virulent  strains,  killing  in  24  and  36  hours,  respectively, 
were  nonsaccharose  fermenters,  one  being  morphologically  typical  diphtheria, 
the  other  showing  only  wedge  forms.  The  third  culture  which  showed  only 
wedge  forms  in  original  throat  culture  killed  in  AV2  days,  and  fermented 
saccharose.  The  other  two  strains  were  pure  cultures  of  the  atypical  organ- 
ism and  had  not  killed  at  the  end  of  2  weeks.     All  control  pigs  were  negative. 

Technic  of  Virulence  Tests. — Forty-eight  hour  infusion  broth  cultures  were 
used.  One-half  of  1%  of  the  body  weight  of  each  pig  reckoned  in  cc  was 
injected  subcutaneously.  A  proportional  amount  of  each  culture  was  injected 
subcutaneously  into  a  control  pig  which  had  been  immunized  24  hours  previ- 
ously by  an  intraperitoneal  injection  of  100  units  of  antitoxin.  From  the 
pigs  that  died,  cultures  were  made  from  the  subcutaneous  tissues  at  the  site 
of  injection,  from  the  peritoneal  fluid,  and  from  the  heart  blood.  The  organ- 
ism injected  was  recovered  only  from  the  one  dying  after  4%  days.  The 
adrenals  were  congested  in  all  three  cases. 
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Table  1. — The  fermentation  reactions  are  different  from  those  commonly  given,  in  that 
B.  and  W.  A.  ferment  both  saccharose  and  dextrin,  and  ten  of  the  cultures  ferment  lactose. 
The  two  most  virulent  strains,  E.  and  W.  Y.  do  not  ferment  saccharose;  the  less  virulent, 
S.,  and  avirulent,  K.  and  W.  A.,  do  not  ferment  saccharose.  Cultures  C.  and  P.  are 
morphologically  and  culturally  B.  Hoffmanni.  Note  that  the  virulent  cultures  S.  and  \V.  Y. 
show  the  wedge  form  (D-2)  predominatingly  or  in  pure  cultures  in  the  original  throat  cultures, 
while  K.  was  avirulent.  Cultures  E.  and  \V.  A.,  both  typically  B.  diphtheriae,  were  virulent 
and    avirulent   respectively. 
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The  other  data  bearing  on  the  virulence  of  this  atypical  organism  were 
for  the  most  part  clinical.  Chart  4  A  gives  a  summary  of  our  laboratory 
records  up  to  Dec.  10.  Of  434  cases  in  which  the  atypical  organism  was  found, 
only  113  showed  it  on  the  following  day,  that  is,  in  75%  of  the  cases  it  was 
only  a  transient  inhabitant  of  the  throat.  Of  the  eighteen  clinical  cases  show- 
ing both  typical  and  atypical  organisms,  ten,  or  11.1%,  of  all  the  clinical  cases 
showed  the  atypical  organism  first  and  later  the  typical.  In  eight  cases  the 
reverse  was  true.  It  cannot  be  denied  that  in  the  ten  cases  the  appearance 
of  the  typical  form  later  can  be  explained  by  a  fresh  infection  with  this 
organi'sm,  since  these  cases  were  in  the  clinical  diphtheria  ward. where  cross 
infection  was  possible.  But  in  these  ten  cases  the  atypical  form  was  able 
to  produce  symptoms  sufficiently  suggestive  of  diphtheria  to  warrant  their 
being  admitted  to  the  clinical  rather  than  to  the  carrier  ward,  and  wf  have 
had  frequent  evidence  that  at  times  this  wedge  form  is  one  of  the  many  forms 
that  may  be  assumed  by  the  extremely  pleomorphic  typical  diphtheria  bacillus. 

On  Dec.  6,  7  and  8  (chart  1),  base  hospital  49  showed  a  sudden  increase  in 
the  number  of  atypical  forms — one  ward  having  30.  At  the  same  time  base 
hospital  26  showed  a  similar  increase.  On  inquiry  at  the  latter  hospital  it 
was  found  that  the  "team"  taking  the  cultures  had  become  somewhat  dis- 
couraged at  the  large  amount  of  work  without  apparent  results,  and  had 
decided  that  it  was  time  for  the  ward  to  come  out  of  quarantine.  With  this 
end  in  view  they  gave  up  the  use  of  tongue  depressors  and  cultured  at  random 
about  the  tongue  and  teeth  and  in  the  anterior  nares.  The  result  was  that 
all  three  wards  cultured  on  that  day  showed  from  15-25  cases  of  "Diagnosis 
reserved."  One  of  these  wards,  cultured  properly,  had  been  entirely  negative 
the  day  before.  No  such  explanation  could  be  found,  however,  in  the  case 
of  base  hospital  49.  Morphologically  this  organism  found  in  the  mouth  and 
anterior  nares  could  not  be  distinguished  from  the  wedge  form  we  had  been 
finding  in  the  throat.  Also  the  diphtheroid  found  on  hands  and  fomites  in 
wards  where  there  had  been  no  diphtheria,  had  the  same  morphology. 

It  is  our  opinion  that  cases  showing  this  atypical  organism  in  properly 
taken  nose  and  throat  cultures  must  be  treated  as  positive  diphtheria  cases  or 
carriers  until  each  strain  has  been  proved  nonvirulent,  since  (1)  two  pure 
cultures  of  this  organism  killed  guinea-pigs  in  24  and  108  hours,  respectively; 
(2)  11.1%  of  the  clinical  cases  showed  this  form  only  at  first  and  later  showed 
the  typical  organism,  and  (3)  variation  in  length  of  incubation  may  show  first 
the  atypical  and  then  the  typical  forms.  However,  in  the  majority  of  cases, 
this  form  was  only  a  transient  inhabitant  of  the  throat  and,  we  believe,  was 
avirulent. 

METHODS     OF     CONTROL 

From  the  first,  base  hospital  56  was  chosen  as  the  contagious  hos- 
pital for  the  Center  and  both  clinical  cases  and  carriers  were  sent 
there.  The  wards  in  which  these  were  discovered  were  quarantined 
and  cultured  as  directed  by  the  head  of  the  medical  service  in  each 
hospital.  It  was  early  seen  that  much  would  be  gained  both  in  uni- 
formity of  results  and  in  the  availability  of  statistics  by  having  the 
cultures  examined  at  the  central  laboratory  for  the  Center  rather  than 
by  the  several  unit  laboratories.  Up  to  the  first  of  Dec.  all  the  cul- 
tures were  examined  by  one  man.     Since  then,  owing  to  the  increased 
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number,  it  was  found  necessary  to  have  two  examiners  who  constantly 
consulted  with  each  other  on  doubtful  cases. 

Toward  the  latter  part  of  Nov..  when  from  1-7  new  cases  developed 
each  day,  it  was  felt  that  the  methods  of  control  at  the  various  hos- 
pital units  should  be  more  rigorous  and  more  uniform.  It  was  decided 
to  include  as  clinical  cases  all  those  with  positive  cultures  and  throat 
symptoms,  though  such  symptoms  might  be  very  slight.  Three 
methods  of  control  were  emphasized,  any  one  of  which  by  itself 
should,  theoretically,  control  spread  of  infection. 

1.  Individual  QiMrantine. — The  face'^*  ^  mask  epitomized  individual 
quarantine.  The  quarantine  of  the  ward  from  communication  with 
the  outside  seemed  to  be  fairly  well  understood  and  carried  out,  but 
the  quarantine  of  the  individuals  within  the  ward  from  each  other  was 
almost  completely  neglected  at  that  time.  For  instance,  on  the  dis- 
covery of  a  clinical  case  the  ward  was  isolated  and  cultured.  Usually 
one  or  more  positive  carriers  were  discovered  and  reported  in  24 
hours.  But  during  .this  24  hours  the  patients  who  were  up  would 
congregate  around  the  stove,  owing  to  inclement  weather,  playing 
cards,  waiting  on  the  bed  patients,  and  so  on.  The  carriers  who  were 
about  to  be  detected  had  been  infecting  others  by  droplet  and  hand. 
In  other  words,  at  the  time  w'hen  the  ward  culture  was  received  at 
the  ward  it  gave  no  accurate  idea  as  to  the  number  of  individuals 
carrying  the  diphtheria  bacilli  in  their  throats.  The  same  was  true  of 
the  report  on  the  second  ward  culture,  and  so  one,  ad  infinitum.  One 
ward  was  cultured  four  times  in  7  days.  The  first  culture  showed  1 
carrier;  the  second,  2;  the  third.  2.  and  the  fourth,  4.  Afttr  each 
report  the  carriers  were  evacuated  to  the  contagious  hospital,  and  it 
seemed  to  be  only  a  question  of  time  and  endurance  before  the  entire 
ward  would  be  transferred. 

The  mask^'  ^'^  was  suggested  as  a  remedy.  It  was,  of  course, 
impracticable  to  mask  all  of  the  16,000  individuals  at  the  Center, 
though  one  hospital  tried  masking  its  entire  personnel.  The  dissocia- 
tion of  mask  from  quarantine  was  found  detrimental  to  the  discipline 
and  mental  attitude,  which  is  not  the  least  important  function  of  the 
mask.  This  .  might  be  termed  "mask  .  psychology."  Cubicles  were 
recommended  to  supplement  the  mask,  since  few  can  sleep  with  the 

'  Capps,  J.  A.:  Jour.  Am.  Med.  Assn..  1918,  70,  p.  910. 

'.Weaver,  G.   H.:   Ibid.,   1918,   70.   p.   76. 

»  Doust,  B.  C,  and  Lyon,  A.  H. :  Jour.  Am.  Med.  Assn.,  1918.  71,  p.  1216. 

">  Haller,  D.   A.,  and  Colwell,  R.  C:   Ibid.,   1918,  71.  p.   1213. 
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mask  in  place.  It  was  urged  that  the  patients  be  kept  by  their  beds 
as  much  as  possible,  particularly  during  meals,  when,  of  course,  the 
mask  must  be  removed.  The  original  masks  had  two  layers  of  gauze 
with  a  mesh  14  by  11  threads  per  cm.  It  was  recommended  that  two 
such  masks  be  worn,  and  that  all  future  masks  be  made  with  four 
layers.  Our  first  point,  then,  was  individual  quarantine  as  represented 
by  mask  and  cubicle. 

2.  The  Schick  Reaction. — Theoretically,  if  we  had  examined  every 
individual  at  the  Center  by  the  Schick  test  and  immunized  all  positives 
with  a  prophylactic  dose  of  antitoxin,  the  spread  of  diphtheria  would 
have  stopped  at  once.  The  detection  of  carriers  would  have  been  of 
no  interest,  since  there  would  have  been  no  one  for  them  to  infect. 
But  this  was  not  considered,  because  for  some  time  it  was  questionable 
whether  enough  toxin  was  available  for  the  quarantined  wards  alone, 
as  had  been  recommended.  A  control  of  inactivated  toxin  was  quite 
out  of  the  question.  The  value  of  the  Schick  reaction  without  such  a 
control  was  the  subject  of  considerable  discussion.  It  was  felt  that 
since  our  object  was  to  stop  the  spread  of  the  disease  at  this  Center 
and  not  to  obtain  data  as  to  the  value  of  the  Schick  test,  that  by  read- 
ing the  reaction  at  24,  48  and  72  hour  intervals  we  could  divide  the 
reactions  into  three  classes :  Those  frankly  positive ;  those  frankly 
pseudopositive,  and  those  that  were  questionable.  By  immunizing 
cases  showing  a  positive  or  a  questionable  reaction,  we  were  erring  on 
the  side  of  safety.  On  1,363  Schick  tests  reported  from  five  of  the 
hospitals,  the  percentages  of  positives  were  as  follows :  8%  at  three 
hospitals,  6%  at  one,  and  0.6%  at  another.  Obviously,  there  was  a 
flaw  in  the  technic  of  the  test  at  the  last  named  hospital.  There  were 
a  few  carriers  showing  positive  Schick  tests,  but  shortage  of  guinea- 
pigs  prevented  our  testing  their  cultures  for  virulence.  Also  an 
occasional  patient  having  a  negative  Schick  test  came  down  with 
diphtheria  a  few  weeks  later.  The  explanations  for  this  are  either 
faulty  technic,  inert  toxin,  or  overwhelming  infection.  Our  second 
method  of  attack,  then,  was  the  Schick  reaction  plus  prophylactic 
immunization. 

•  3.  Nose  and  Throat  Cultures. — One  of  the  earliest  suggestions  for 
the  control  of  diphtheria  was  that  all  of  the  16,000  individuals  be 
cultured.  Because  of  our  limited  autoclave  space  our  daily  output  of 
medium  could  not  be  pushed  beyond  2,000  tubes.  There  was  also  a 
shortage  in  personnel,  both  officers  and  enlisted  men.    It  would,  there- 
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fore,  have  taken  8  days  at  the  very  least,  to  cuUure  the  entire  Center. 
Thus  we  would  have  had  the  same  difficulties  which  we  experienced  in 
the  wards  before  individual  quarantine  was  instituted,  only  multiplied 
8  times,  since  it  was  out  of  the  question  that  during  this  entire  period 
each  individual  at  the  Center  would  refrain  from  all  except  "masked" 
communication  with  all  the  others.  At  the  end  of  8  days,  our  sum- 
mary report  on  the  names  and  number  of  carriers  at  the  Center  would 
have  no  value,  since  during  the  24-hour  interval  between  culture  and 
reports,  each  "positive"  would  have  infected  an  unknown  number  of 
other  individuals.  So  this  plan  was  fortunately  abandoned.  Definite 
rules  as  to  the  number  of  .times  a  ward  was  to  be  cultured  following 
each  new  case  were  formulated.  Emphasis  was  laid  on  a  short, 
rigorous  quarantine  since  it  was  felt  that  the  eflFectiveness  of  a  quaran- 
tine is  in  inverse  ratio  to  its  length.  Personal  cooperation  of  the 
patients  is  absolutely  essential  to  individual  quarantine,  and  this  would 
be  entirely  lost  unless  they  understood  what  is  being  done,  why  it  is 
being  done,  and  that  the  hope  of  release  is  reasonably  within  sight. 

These  rules  were  helpful  not  only  in  standardizing  quarantine,  but 
also  in  stemming  the  flood  of  cultures.  There  is  always  the  danger 
that  wholesale,  promiscuous  and  nonselective  culturing  may  give  a 
false  sense  of  security.  For  a  period  of  10  days  —  from  Nov.  29  to 
Dec.  9  —  600  to  1,300  cultures  were  examined  daily.  The  positives 
each  day  varied  from  1.1-3.1%  of  the  total  cultures  examined.  The 
last  4  days  of  this  period,  when  the  percentage  rose  as  high  as  3.1% 
a  large  number  of  atypical  forms  was  being  found,  partly  accounted 
for  by  the  careless  mouth  and  anterior  nares  cultures  previously  men- 
tioned. During  the  first  six  days  the  percentage  varied  only  from 
1.1-1.8%.  If  from  this  be  subtracted  the  0.3-0.6%  of  clinical  cases 
each  day,  there  is  left  a  daily  quota  of  carriers  amounting  roughly  to 
1%  of  those  examined.  This  is  what  Rosenau^^  gives  as  the  normal 
percentage  of  diphtheria  carriers  among  the  unexposed  population. 
In  other  words,  what  we  really  had  here  was  not  a  potential  epidemic 
of  diphtheria  but  an  actual  epidemic  of  culturing.  Our  third  point  in 
control  is  selective  nose  and  throat  cultures,  properly  taken. 

Finally,  the  most  important  measure  in  the  suppression  of  any 
epidemic  is  early  diagnosis.  This  is  of  special  significance  in  a  dis- 
ease such  as  diphtheria,  in  which  the  spread  by  contact  is  unquestion- 
able, and,  in  addition,  early  diagnosis  spells  practically  100%  cures. 

"  Preventive  Medicine  and  Hygiene,   1918,  p.   1374.  , 
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The  influence  of  delayed  diagnosis  on  spread  has  already  been  dis- 
cussed. To  emphasize  this,  a  special  order  was  issued  that  the  throats 
of  all  patients  and  personnel  be  inspected  daily.  All  suspicious  cases 
were  to  be  isolated  and  cultured.  Observation  wards  were  established 
where  such  patients  were  held  pending  the  report  on  their  cultures. 
Such  wards  were  strictly  cubicled  and  masked,  thus  reducing  contact 
infection  to  a  minimum. 

CONCLUSIONS 

The  two  probable  modes  of  introduction  of  the  diphtheria  bacillus 
into  this  Center  were  "gassed"  carriers  and  chronic  carriers. 

Factors  in  spread  were  crowding  (dirett  droplet  infection)  con- 
taminated hands  and  fomites  (indirect  droplet  infection),  and  delayed 
diagnosis,  partly  explained  by  the  similarity  in  symptoms  between 
laryngeal  diphtheria  and  membranous  laryngitis  due  to  gassing.  Of 
these  we  consider  crowding  the  most  important. 

Morphology  of  the  diphtheria,  group  is  no  criterion  of  virulence. 
Occasionally,  difficulty  was  encountered  in  distinguishing  between 
polar-staining,  nondiphtheria  bacilli  and  typical  B.  diphtheriae  on 
morphology  alone.  Such  confusion  was  experienced  only  in  cultures 
from  hands  and  fomites,  but  never  in  throat  cultures. 

The  four  methods  of  control  employed  were : 

1.  Early  diagnosis  through  frequent  throat  examinations. 

2.  Individual  quarantine  exemplified  by  the  mask  and  cubicle. 

3.  The  Schick  test  followed  by  immunization  of  susceptible  indi- 
viduals with  antitoxin. 

4.  Selective  culturing  of  nose  and  throat  carefully  performed. 
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ST.   PAUL 
INTRODUCTION 

The  study  in  this  paper  covers  a  vast  amount  of  material  examined 
in  a  relatively  short  period  of  time.  It  is  therefore  more  extensive 
than  intensive.  It  is  not  possible  to  give  an  exhaustive  discussion  of  all 
the  lesions  encountered — for  that  would  involve  little  short  of  an 
imabridged  treatise  on  pathology — ^but  rather  to  give  a  brief  and  hur- 
ried resume  of  all  of  the  important  pathologic  conditions  that  came 
under  observation.  In  the  period  under  discussion,  more  than  30,000 
patients  passed  through  the  center.  At  one  time  more  than  20,000 
patients  and  personnel  were  quartered  h^re.  The  heavy  pressure  of 
work  from  all  sides,  together  with  the  absence  of  proper  library 
facilities,  makes  it  impossible  to  give  much  more  than  a  cursor)'  sketch 
of  the  grosser  details  of  the  postmortem  findings. 

During  the  period  included  between  July  23,  1918 — when  the  first 
convoy  of  patients  arrived  at  this  center — and  Jan.  1,  1919,  there  are 
recorded  a  total  of  429  deaths.  Of  this  number,  about  fifteen  bodies 
were  not  necropsied  for  reasons  other  than  the  lack  of  time ;  these  dead 
included  nurses,  officers  from  the  personnel,  allied  soldiers,  several 
bodies  brought  in  crushed  in  railroad  accidents,  and  one  case  of  drown- 
ing among  the  enlisted  personnel.  The  number  of  necropsies  performed 
during  this  period  was  356,  or  about  86  per  cent,  of  the  total  possible 
number.  This  percentage  is  not  inconsiderable  when  one  observes 
the  constant  and  progressive  rise  in  the  curve  of  the  number  of 
patients  in  the  hospital  during  October  and  the  early  part  of  Novem- 
ber. The  shortage  of  personnel  became  very  acute  and  presented 
itself  in  the  most  accentuated  form  in  the  laboratory  services. 

The  highest  death  rate  occurred  during  October,  when  245,  or  con- 
siderably more  than  one  half  of  the  total  number  of  deaths  occurred. 
During  this  month  the  deaths  averaged  eight  per  day,  with  three  deaths 
as  the  minimum  and  fourteen  deaths  as  the  maximum.  Of  these,  the 
majority  were  due  to  respiratory  diseases.  Indeed,  the  total  number 
of  nonwounded  men  among  the  356  cases  that  came  to  necropsy  was 
214,  or  in  excess  of  60  per  cent. 


*  From  the  Base  Laboraton-,  Hospital  Center,  Allerey,  Saone  et  Loire,  France. 


The  important  findings  will  be  discussed  in  the  order  of  their  fre- 
quency.    (See  appended  statistical  resume.) 

EMPYEMA     AND     PLEURISY 

The  most  frequent  necropsy  finding  in  the  entire  series  was  empy- 
ema and  pleurisy.  This  occurred  in  63.2  per  cent,  of  the  series.  The 
degree  of  pleurisy  varied  from  a  few  cubic  centimeters  of  serofibrinous 
exudate  to  several  liters  of  thick  pus.  In  most  of  the  cases  there  were 
fibrinous  deposits,  occasionally  large,  shaggy,  fibrinopurulent  masses. 
The  distinction  between  empyema  and  plain  pleurisy  was  at  times  made 
only  arbitrarily,  depending  on  the  quantity  and  character  of  the  exu- 
date. Real  thick  creamy  pus  was  of  rare  occurrence,  being  present  in 
only  about  twenty  of  the  cases.  The  remaining  thirty  cases  classified 
as  empyema  were  characterized  more  by  a  thin,  only  slightly  turbid, 
serous  exudate,  containing  large  fibrinopurulent  masses.  The  abun- 
dance of  this  plastic,  shaggy  exudate  was  very  striking.  It  was  not  at 
all  unusual  to  find  a  yellowish-fibrinous  deposit  from  3  to  4  c.c.  in 
thickness,  covering  the  lower  lobes  of  the  lungs.  Rarely  was  the  exu- 
date blood  tinged.  A  number  of  the  true  empyemas  were  associated 
with  gunshot  wounds  of  the  chest. 

Of  the  "nontraumatic"  empyemas,  only  about  50  per  cent,  of  the 
cases  were  diagnosed  clinically.  In  a  few  cases  in  which  thoracostomy 
was  performed,  the  drainage  tubes  were  found  inserted  2  to  4  inches 
into  the  chest  cavity,  so  that  from  500  to  1,000  c.c.  of  pus  were  still 
undrained. 

Subacute  or  chronic  pleurisy  was  encountered  fifty  times,  or  in  14 
per  cent,  of  the  cases.  A  combination  of  both  chronic  and  acute  pleu- 
risy existed  in  thirty  cases,  or  8.5  per  cent. 

The  terms  "chronic"  and  "acute"  are  often  misnomers.  We  term 
lesions  with  fibrous  adhesions  as  chronic.  Yet  these  may  be  of  only 
short  duration.  A  case  came  to  necropsy  which  demonstrated  how 
quickly  these  adhesions  may  arise.  A  man  was  wounded  by  a  piece  of 
shrapnel  in  the  chest  and  was  sent  to  the  hospital  with  a  diagnosis  of  a 
foreign  body  in  the  lung  as  revealed  by  the  roentgen  ray.  In  the  hos- 
pital the  roentgen  ray  confirmed  the  diagnosis  until  about  one  day  before 
death,  which  was  twenty-two  days  after  the  injury.  A  roentgenogram 
taken  at  this  time  in  a  changed  position  of  the  patient  showed  the  bullet 
movable  in  the  pleural  cavity.  At  necropsy  there  was  found  a  localized 
empyema  in  the  pus  of  which  was  present  a  small  piece  of  shrapnel. 
The  adhesions  walling  ofif  this  empyema  were  exceedingly  strong  and 
along  the  entire  margin  of  the  "abscess"  cavity  there  were  dense,  hya- 
linized,  grayish  white,  connective  tissue  adhesions,  3  mm.  in  thickness, 
which  abruptly  thinned  out  over  the  uninvolved  portions  of  the  lung 


and  pleura.  The  involved  portion  of  the  pleural  cavity  occupied  about 
two  thirds  of  the  space  on  that  side ;  the  rest  was  entirely  normal.  The 
other  pleural  cavity  was  also  free  from  lesions.  Here,  then,  was  a 
lesion  with  dense  fibrous  connective  tissue  formation,  3  mm.  in  thick- 
ness, which  formed  during  the  short  period  of  twenty-three  days. 

PNEUMONIA 

The  next  most  frequent  finding  was  pneumonia.  This  con- 
dition was  present  in  218,  or  61.2  per  cent,  of  the  cases.  The 
intensity  of  the  involvement  varied  from  almost  miliary  areas  of 
consolidation  around  the  bronchioles,  to  complete  hepatization  of  entire 
lobes  on  one  or  both  sides.  Bronchopneumonias  were  most  common, 
constituting  more  than  three  fourths  of  the  cases.  These  at  times  were 
so  massive  and  confluent  that  they  resembled  true  lobar  pneumonias. 
Some  of  the  cases  diagnosed  at  necropsy  as  lobar  pneumonia,  which 
later  proved  to  be  streptococcic  infections  culturally,  were  probably  of 
this  type. 

Cultures  and  smears  from  the  lungs  were  taken  frequently.  The 
cultures  were  made  by  searing  the  cut  surface  thoroughly  and  then, 
with  a  glass  pipet  having  a  rather  large  opening,  a  small  quantity  of 
macerated  pulp,  mixed  with  expressed  fluid,  was  drawn  up  and  inocu- 
lated into  appropriate  media.  The  maceration  was  accomplished  by 
working  the  end  of  the  pipet  up  and  down  into  the  parenchyma  through 
the  sterilized  surface. 

The  frank  characteristic  lobar  pneumonias  in  the  gray  hepatization 
or  early  resolution  stage,  as  found  ordinarily,  were  very  uncommon. 
Not  more  than  twenty  such  cases  were  encountered.  The  other  cases 
classified  under  lobar  pneumonia  were  atypical.  An  entire  lobe  or  even 
an  entire  lung  was  often  involved,  but  this  involvement  was  irregular. 
The  organ,  though  solid  and  heavy,  was  not  large,  and  the  cut  surfaces 
were  very  mottled  showing  grayish,  brownish  or  dark  red  areas  of 
hemorrhage  and  edema  with  small  portions  that  would  still  float  in 
water.    Areas  of  necrosis  with  abscess  formation  were  quite  frequent. 

One  type  of  pneumonia  was  encountered  that  was  different  from  all 
ordinary  pneumonias.  In  this  type  the  involvement  was  either  of  an 
entire  lobe  or  only  of  portions  of  one  or  several  lobes.  The  involved 
areas  were  firm,  heavy  and  had  a  rubber  resiliency.  The  cut  surfaces 
were  dark  red  or  dark  brown  in  color,  often  showing  a  mottling  with 
miliary  or  submiliary  yellowish  areas.  Sometimes  there  was  a  fine 
grayish  lace  work  visible  through  the  reddish  parenchyma  that  sug- 
gested thickened  alveolar  walls.  These  areas  seemed  to  be  most  promi- 
nent along  the  bronchial  branches.  Culturally  this  type  of  pneumonia 
gave  invariably  a  streptococcus,  either  hemolytic  or  nonhemolytic. 


Microscopically,  in  the  earlier  stages,  the  alveolar  walls  show  a 
thickening  and  an  infiltration  with  lymphoid  and  plasma  cells.  The 
alveoli  contain  serum,  red  blood  cells,  a  few  polymorphonuclear  leuko- 
cytes and  many  desquamated  epithelial  cells.  The  walls  are  edematous 
and  the  capillaries  are  dilated.  Some  show  an  intense  infiltration  with 
polymorphonuclears.  In  the  later  stages,  the  alveolar  walls  are  seen 
invading  the  fibrinous  plugs  in  the  alveoli.  The  alveolar  walls  them- 
selves appear  like  dense  cellular  bands  of  connective  tissue,  infiltrated 
with  lymphocytes.  Some  areas  show  an  almost  complete  fibrosis  with 
practically  all  of  the  alveolar  structure  absent.  Here  and  there  may 
be  seen  alveoli  lined  with  high  cuboidal  or  even  columnar  epithelium 
suggesting  attempts  at  regeneration.  The  last  stage  of  this  pneumonia 
is  identical  with  the  typical  chronic,  organizing  or  indurative  pneu- 
monias of  the  textbooks. 

The  histories  in  these  cases  were  not  at  all  characteristic,  and  did  not 
even  suggest  the  type  of  lesion  present.  Some  cases  had  a  rather  acute 
onset  with  a  history  of  not  much  more  than  a  week's  duration.  Others 
presented  histories  extending  over  two,  three  or  sometimes  four  weeks. 

The  frequent  gradations  from  one  type  of  pneumonia  to  another 
and  the  occasional  mixture  of  all  the  types  in  a  single  lung,  made  it 
very  difficult  at  times  to  classify  properly  the  lesions  encountered.  His- 
tologic study  has  occasionally  demonstrated  the  existence  of  intersti- 
tial pneumonia  where  no  such  diagnosis  was  made  at  necropsy  grossly ; 
and  conversely  some  cases  diagnosed  as  interstitial  pneumonia  proved 
to  be  only  a  massive  bronchopneumonia  with  extensive  edema  and 
hemorrhage  accompanied  by  very  little  purulent  exudate. 

heart's    blood    cultures 

Blood  cultures  were  taken  routinely  at  all  necropsies.  The  anterior 
surface  of  the  right  ventricle  was  sterilized  with  a  pronged  searing  iron 
and  about  5  c.c.  of  blood  removed  with  a  sterile  glass  pipet.  This  was 
inoculated  into  two  or  three  tubes  of  dextrose  broth.  Sometimes  a  por- 
tion of  this  mixture  was  plated  out  in  the  laboratory.  Pneumococci 
were  tested  for  bile  solubility. 

The  number  of  positive  cultures  was  high,  about  50  per  cent.  This 
is  considerably  higher  than  in  civil  life  experience.  Of  this  number 
more  than  one  half  showed  5.  hemolyticus.  Not  a  single  case  of  a  true 
5".  viridans  was  obtained.  The  one  pure  culture  of  this  organism  iden- 
tified came  from  a  blood  culture  taken  a  few  days  before  death  in  a 
case  of  septicemia. 

B.  zvelchii  was  recovered  through  blood  culture  from  several  cases 
in  which  no  gaseous  gangrene  was  present,  and  from  two  patients  who 
were  not  even  wounded.  The  B.  pyocyaneus  was  recovered  twice  in 
pure  culture  and  three  times  mixed  with  other  organisms. 


GUNSHOT     WOUNDS 

About  40  per  cent,  of  the  cases  in  this  group  came  to  necropsy.  This 
included  minor  as  well  as  major  injuries.  In  a  number  of  these  cases, 
the  wounds  had  nothing  to  do  with  the  actual  cause  of  death.  The 
extremities  suffered  the  largest  number  of  injuries.  Fractures  of  the 
femur  and  the  ilium  contributed  to  death  most  frequently  outside  of  the 
direct  injuries  to  the  peritoneal  cavities  which  resulted  in  general  peri- 
tonitis. Under  injuries  to  the  chest  were  included  injuries  to  the  dorsal 
spine  as  well  as  to  the  thoracic  cavity.  Every  case  of  spinal  cord  injury 
resulted  in  extensive  gangrenous  and  ulcerative  cystitis. 

Striking  features  in  the  cases  of  head  injuries  were  the  finding  of 
massive  destruction  of  brain  tissue  in  cases  up  to  six  weeks  after  the 
inception  of  the  injury.  More  than  once,  the  question  that  arose  in  the 
mind  of  the  pathologist  was  not  why  did  the  patient  die  or  what  caused 
his  death,  but  why  did  he  or  how  could  he  live  so  long? 

In  many  of  the  gunshot  injuries  the  infection  was  very  great,  caus- 
ing dissecting  abscesses  to  extend  up  and  down  the  tissues  from  the 
point  of  injury.  Sometimes  several  square  feet  of  skin  and  muscle 
tissue  were  undermined  by  the  spreading  infection.  In  many  cases,  at 
the  time  of  necropsy,  it  appeared  that  the  surgical  treatment  was  alto- 
gether too  conservative.  Often  the  debridement  was  not  extensive 
enough,  while  in  other  cases  a  limb  was  saved  at  the  expense  of  a  life. 

OTITIS    MEDIA     AND     SINUSITIS 

Very  early  in  the  postmortem  examinations  the  presence  of  pus  in 
the  sinuses  of  the  skull  was  a  striking  feature.  It  was  most  constantly 
present  in  cases  in  which  pneumonia  was  the  prominent  lesion.  When 
only  one  sinus  was  involved,  it  was  usually  the  sphenoid.  One  fourth 
of  all  the  cases  showed  purulent  sphenoidal  sinusitis  and  frequently  the 
pus  "welled"  up,  as  soon  as  the  sinus  was  opened.  Otitis  media  was 
relatively  infrequent  and  when  present  contained  exudate  in  a  much 
lesser  degree. 

Smears  and  cultures  from  the  pus  frequently  showed  no  organisms. 
When  organisms  were  present  they  usually  corresponded  to  those  found 
in  the  cultures  from  the  heart's  blood  or  from  the  lung.  Streptococci 
and  pneumococci  were  therefore  the  most  common  bacteria.  The 
B.  influenza  of  Pfeiffer  was  exceedingly  rare,  being  found  in  only  one 
case  of  sphenoidal  sinusitis. 

The  question  of  etiology  is  an  interesting  one.  Were  the  broncho- 
pneumonias, so  frequently  encountered,  secondary  to  the  sinusites,  or 
were  the  sinusites  secondary  to  the  pneumonias?  The  possibility  of  a 
"reversible"  reaction  has  to  be  admitted.     Infected  material  from  the 


sinuses  might  drain  down  the  pharynx  and  through  the  larynx  gain 
entrance  to  the  terminal  bronchioles  where  it  might  set  up  a  purulent 
bronchitis  and  a  subsequent  pneumonia.  But  the  reverse  may  also 
occur.  A  patient  in  bed  with  bronchopneumonia  cannot  help  getting 
the  nasopharynx  bathed  in  sputum  from  whence  infection  may  spread 
to  the  sphenoidal  and  ethmoidal  sinuses.  Our  necropsy  material  did 
not  aid  in  clarifying  this  relationship,  since  priority  in  either  lesion 
could  not  be  established.  On  a  few  occasions  it  was  thought  that  the 
sinusites  appeared  to  be  the  older  lesions. 

INFLUENZA 

This  is  not  a  finding  at  necropsy ;  but  under  this  heading  are  dis- 
cussed the  lesions  found  at  necropsy  in  eighty-seven  cases  in  which  the 
diagnosis  of  influenza  was  present  on  the  field  medical  card  as  the 
cause  of  the  patient's  admission  to  hospitalization.  Probably  some  of 
these  cases  were  diagnosed  wrongly ;  perhaps  some  patients  died  as  a 
result  of  complications  of  influenza  in  which  the  proper  initial  diagnosis 
was  not  entered. 

Of  the  eighty-seven  cases  so  diagnosed,  86.2  per  cent,  showed 
complicating  pneumonias.  These  pneumonias  were  not  greatly 
dissimilar  to  other  pneumonias  except  in  a  few  details.  First, 
the  percentages  of  lobar  and  interstitial  types  are  higher  in  this  group 
than  in  the  total  pneumonias.  This  may  be  accounted  for  by  the  fact 
that  in  these  cases  the  pneumonias  played  a  more  important  role  in  the 
causation  of  death  than  in  the  others,  since  in  the  total  pneumonias 
many  of  them  were  only  terminal  conditions,  secondary  to  severe 
wounds,  typhoid  fever,  etc.  The  percentage  of  identified  pneumococcus 
pneumonias  is  also  higher. 

Abscesses  were  more  frequent.  Dilatations  of  the  bronchioles  and 
bronchi  were  fairly  common.  Some  of  the  sacculations  measured  sev- 
eral centimeters  in  diameter.  Some  structures  that  appeared  like 
abscesses  were  proved  on  closer  observation  to  be  bronchiectases  of 
the  saccular  type. 

Parallel  with  the  high  percentage  of  pneumonias  ran  the  high  per- 
centage of  sinus  involvement.  Fifty  out  of  the  eighty-seven  cases 
showed  this  condition. 

Meningitis  was  found  in  8  per  cent,  of  the  cases  admitted  as  influ- 
enza. One  of  these  was  a  tuberculous  case.  This  may  have  been  a 
mistaken  initial  diagnosis,  since  the  early  symptoms  of  the  tuberculous 
meningitis  might  have  simulated  influenza.  The  two  cases  of  pneumo- 
coccic  meningitis  were  secondary  to  pneumonia  and  empyema,  which  in 
turn  were  probably  secondary  to  influenza.  With  the  four  cases  of 
meningococcic  meningitis  it  is  difficult  to  decide  whether  the  influenza 


actually  antedated  the  nieningococcic  infection  or  whether  there  was  a 
mistaken  initial  diagnosis.  It  has  been  stated  that  influenza  may 
increase  the  susceptibility  to  meningeal  infection,  especially  menin- 
gococcic. 

One  of  the  negative  findings  is  worth  mentioning — the  almost  com- 
plete absence  of  recently  activated  tuberculous  lesions  by  preexisting 
influenza,  a  complication  frequently  mentioned  in  the  textbooks.  Ref- 
erence to  the  attached  statistical  resume  will  show  that  the  percentage 
of  occurrence  of  this  lesion  in  the  cases  of  influenza  was  less  than  half 
of  that  found  in  the  total  number  of  necropsies. 

The  other  associated  lesions,  such  as  Zenker's  degeneration,  septi- 
cemia, pericarditis,  etc.,  need  no  special  discussion  here.  Their  fre- 
frequency  can  be  found  by  referring  to  the  statistical  summary  accom- 
panying this  paper. 

A  few  bacteriologic  reflections  may  be  relevant  at  this  point.  A 
careful  study  of  the  material,  both  from  the  pathologic  appearances  and 
from  the  bacteriologic  findings,  suggests  that  the  influenza  bacillus  of 
Pfeiffer  did  not  play  an  important  role  in  the  cases  of  influenza  treated 
at  this  center.  Out  of  a  total  number  of  356  necropsies,  only  three 
cases  revealed  a  bacillus  in  cultures  or  in  smears  which  morphologically 
and  culturally  resembled  the  B.  influenzae.  This  was  found  in  one 
case  in  smears  and  cultures  of  the  lung;  in  another,  in  smears  and  cul- 
tures from  the  sphenoidal  sinus,  and  in  a  third,  in  cultures  from  the 
blood.  In  these  three  cases  the  organisms  were  present  not  in  pure 
culture  but  mixed  with  pneumococci.  Although  in  a  large  majority  of 
the  cultures  made  at  necropsy,  the  conditions  were  favorable  for  the 
growth  of  the  influenza  bacillus,  nevertheless  this  organism  revealed 
itself  very  rarely.  Neither  was  it  found  in  direct  smears  from  the 
pus  in  the  sinuses  nor  from  the  lungs.  It  might  be  argued  that  the 
cases  which  came  to  this  center  were  somewhat  late  in  the  stage  of  the 
disease,  and  that  this  fact  might  explain  the  absence  of  the  true  causa- 
tive agent  and  the  presence  of  the  secondary  invaders.  But  a  casual 
study  of  the  literature  on  this  subject  tends  to  show  that  similar  find- 
ings are  not  uncommon  in  many  of  the  laboratories  throughout  the 
world.  Careful  bacteriological  studies  in  some  of  the  camps  of  the 
United  States  have  almost  convinced  the  investigators  that  the  B.  influ- 
enzae plays  a  very  unimportant  role,  if  any,  in  the  etiology  of  influenza. 

Considering  the  method  of  spread,  the  kind  of  complications  and 
the  character  of  the  lesions  found  at  necropsy,  influenza  may  be  con- 
sidered as  a  highly  contagious,  but  self-limited  disease  of  unknown 
etiology,  which  bears  a  remarkable  resemblance  to  measles.  Indeed, 
it  is  convenient  to  look  on  influenza  as  nonexanthematous  measles. 
There  are  several  reasons  for  such  a  concept ;  the  extreme  contagious- 
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ness  of  both  diseases  associated  with  coryza,  pharyngitis  and  lacrima- 
tion;  the  inability  to  demonstrate  definitely  the  causative  agent;  the 
relative  absence  of  leukocytosis,  which  is  especially  striking  as  the 
onset  of  the  complicating  pneumonias;  the  frequency  of  the  pneu- 
monic corr^plications  which  are  nearly  always  the  cause  of  death  in 
these  diseases ;  the  gross  and  microscopic  appearance  of  the  lesions  in 
the  lungs,  bronchi  and  bronchioles  with  the  occasional  production  of 
interstitial  pneumonias  and  the  frequent  bronchiectases.  It  is  common 
knowledge  that  one  of  the  important  etiologic  factors  of  bronchiectasis 
is  measles.  And  those  who  perform  necropsies  in  cases  with  antece- 
dent influenza  histories  are  forcibly  impressed  with  the  frequency  of 
the  irregular  fusiform  and  saccular  dilatations  of  the  bronchi  and  bron- 
chioles. (In  this  connection  it  will  be  interesting  to  follow  up  the 
cases  of  influenza  leading  to  convalescence  and  see  the  frequency  of 
chronic  bronchiectases  that  will  reveal  themselves  later.)  Just  as 
measles  predisposes  the  individual  to  secondary  invasions  of  the 
respiratory  tract,  as  a  result  of  pathologic  changes  occurring  in  the 
epithelium  of  the  tracheobronchial  tree,  so  also  it  would  seem  that 
influenza  produces  not  unlike  changes  which  greatly  facilitate  secon- 
dary invasion  by  organisms  such  as  the  streptococcus,  pneumococcus  or 
B.  influenzae.  It  seems  reasonable  to  assume  that  the  type  of  invasion 
depends  to  a  great  extent  on  the  type  of  organism  present  in  the  throats 
of  large  numbers  of  individuals  in  any  given  locality.  In  places  where 
the  influenza  bacillus  is  prevalent,  this  organism  will  be  found  in  the 
associated  inflammatory  conditions.  In  districts  where  a  certain  type  of 
pneumococcus  is  present,  the  pneumococcus  will  be  found  as  the  prin- 
cipal invader.  In  areas  where  the  hemolytic  streptococcus  is  the  inhab- 
itant of  the  throat  in  a  large  percentage  of  the  patients,  the  hemolytic 
streptococcus  will  be  found  in  the  lungs,  pleural  cavities  and  other 
organs  or  tissues  of  the  body. 

While  carrying  on  investigations  in  this  laboratory  on  the  spread 
of  diphtheria  by  means  of  the  hands  and  fomites,^  the  results  suggest 
that  the  rapid  spread  of  influenza  may,  to  a  very  large  degree,  be  due 
to  extensive  contamination  of  the  hands  and  fomites  with  the  virus. 
This  contamination  is  due  to  the  fact  that  nearly  all  the  cases  of  influ- 
enza present  more  or  less  pharyngeal  involvement  and  coryza ;  condi- 
tions which  necessitate  the  frequent  use  of  handkerchiefs,  and  these 
consequently  soon  become  saturated  with  the  secretions.  Thus  the 
hands  of  the  patients  remain  persistently  contaminated — a  condition 
which  even  the  rigid  discipline  of  the  doctors  and  nurses  cannot  pre- 
vent.   There  is  practically  no  disease,  with  the  exception  of  the  "com- 


1.  Barron,    M.,   and   Bigelow,    G.   H. :    Diphtheria   at   a   Hospital    Center,  J. 
Infect.  Dis.  25:58   (July)   1919. 


mon  colds,"  which  has  a  greater  chance  of  perpetuating  an  almost  con- 
tinuous state  of  contamination  of  the  hands  than  does  influenza  during 
the  early,  acute  stage  of  the  disease. 

The  study  of  influenza  at  this  center  emphasizes  the  fact  that  the 
etiology  of  this  disease  is  as  yet  unknown.  The  great  diversity  of 
findings  in  different  laboratories  throughout  the  world  makes  it  rea- 
sonable to  assume  that  a  filtrable  virus  is  most  probably  the  etiologic 
factor.  This  organism,  whatever  it  may  be,  would  produce  in  most 
cases  only  a  self -limited  disease  were  it  not  complicated  by  the  sec- 
ondary invaders  such  as  Streptococcus  hemolyticus,  pneumococcus  or 
B.  influenzae.  This  invasion  is  consequent  to  a  lowering  of  the  barrier 
in  the  epithelium  of  the  respiratory  tract  by  this  unknown  agent.  The 
disease  is  spread  by  nasal  and  pharyngeal  secretions  and  probably  also 
through  the  conjunctivae.  Hands  and  fomites  probably  play  a  very 
important  role.  It  would  seem  that  from  a  clinical  standpoint  effort 
should  be  directed,  for  the  present  at  least,  not  so  much  to  prevent 
the  spread  of  influenza,  which  is  so  difficult,  but  to  prevent  the  entrance 
of  the  secondary  invaders  which  nearly  always  are  responsible  for 
the  seriousness  of  the  disease  and  for  death,  when  the  latter  occurs. 

NEPHRITIS 

Acute  parenchymatous  changes  of  the  kidneys  were  relatively  fre- 
quent, occurring  in  about  one  fifth  of  the  cases.  However,  about  one 
half  of  these  easels  were  very  mild.  Fairly  definite  lesions  were  present 
in  about  11  per  cent,  of  all  cases.  No  characteristic  gross  kidney 
lesions  were  noted  in  cases  of  uncomplicated  gaseous  gangrene. 
Lesions  sufficiently  pronounced  to  cause  death  were  encountered  only 
twice,  or  in  0.6  per  cent.  It  was  gratifying  to  note  how  very  few 
definitely  chronic  lesions  of  any  kind  had  escaped  the  observation  of 
the  Army  examining  boards  when  recruiting  was  in  progress. 

PERITONITIS 

Peritonitis  was  encountered  forty-one  times.  Of  the  thirty-seven 
cases  of  acute  peritonitis,  twelve  were  attributable  directly  to  gunshot 
wounds.  Several  of  these  patients  were  definitely  not  transportable 
and  died  soon  after  their  admission  to  the  hospital.  One  case  of  peri- 
tonitis had  an  unusual  and  obscure  etiology.  There  was  found  a  com- 
plete rupture  of  the  ileum  a  short  distance  above  the  ileocecal  valve. 
The  intestine  was  completely  severed  as  if  by  a  pair  of  scissors.  The 
ends  were  black  and  necrotic  for  a  distance  of  a  few  millimeters.  The 
healthy  portion  of  the  intestinal  wall  stopped  abruptly.  The  mesentery 
opposite  the  rupture  was  thickened  and  indurated.     On  the  superior 
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surface,  at  a  point  2  cm.  above  the  intestinal  attachment,  there  was  an 
ulcer,  15  mm.  in  diameter  and  5  mm.  in  depth,  involving  a  lymph  node. 
The  base  and  walls  were  necrotic  and  covered  with  purulent  exudate. 
The  upper  surface  of  the  intestinal  coil  had  curled  upward,  plastering 
itself  firmly  to  the  mesentery  and  covering  the  lower  margin  of  the 
ulcer.  It  apparently  was  Nature's  vain  attempt  to  prevent  the  rupture 
of  the  suppurating  lymph  node  into  the  peritoneal  cavity.  On  the 
inferior  surface  of  the  mesentery  opposite  this  ulcer  there  were  strong 
fibrous  adhesions  binding  the  mesentery  to  the  brim  of  the  pelvis.  The 
rupture  of  the  intestine  probably  resulted  from  this  inflammation  and 
ulceration,  completely  cutting  off  the  blood  supply  of  one  small  seg- 
ment with  the  resulting  rupture.  The  cause  of  the  suppuration  of  the 
lymph  node  could  not  be  determined. 

GAS     INHALATION 

Of  the  patients  who  died,  10.9  per  cent,  gave  a  history  of  gassing. 
Nearly  all  were  cases  of  mustard  gas  inhalation  and  contact.  The 
pathology  of  these  cases  was  studied  in  greater  detail  by  a  member  of 
the  Central  Laboratory  staff.^  All  gradations  of  lesions  were  found, 
from  acute  congestion  of  the  mucosa  covered  by  a  thin  fibrinopurulent 
exudate  to  that  of  a  severe  fibrinopurulent  tracheobronchitis  with 
ulceration.  The  most  advanced  cases  presented  numerous  ulcers 
through  the  mucosa  of  the  trachea  and  bronchi  with  extensive  destruc- 
tion of  tracheal  cartilages.  There  were  large  areas  -of  gangrene  with 
abscess  formation  in  the  lung.  Nearly  all  of  the  advanced  cases  showed 
abscesses  and  gangrene  of  the  lungs.  The  exudate  in  the  larynx  was 
generally  very  pronounced,  and  often  diphtherial  in  appearance,  so 
that  on  several  occasions  there  resulted  confusion  in  diagnosis.^  The 
complicating  pneumonia  was  always  of  the  bronchogenic  type.  Hem- 
orrhages into  the  lungs  were  common. 

PULMONARY     TUBERCULOSIS 

Of  the  thirty-six  patients  (10.1  per  cent.)  showing  pulmonary 
tuberculosis,  66%  per  cent,  had  chronic  or  healed  lesions.  These  pre- 
sented simply  old  scars  or  fibrosed  nodules  at  the  apices,  most  often 
on  the  right.  Caseating  and  calcareous  nodules  were  sometimes  pres- 
ent. Of  the  twelve  cases  of  acute,  or  acute  and  chronic,  tuberculosis, 
only  a  few  had  lesions  extensive  enough  to  be  factors  in  the  final 
exitus.  In  practically  no  case  could  tuberculosis  be  assigned  as  the 
primary  cause  of  death. 


2.  Covey:    Pathology   of   Mustard  Gas   Inhalation,    Am.   J.    M.    Sc.   157:5 
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SEPTICEMIA 


Nine  per  cent,  of  all  cases  had  gross  evidences  of  septicemia  at 
necropsy  in  conjunction  with  antemortem  as  well  as  postmortem  posi- 
tive blood  cultures.  Three  fourths  of  the  cases  were  due  to  Strepto- 
coccus hemolyticus.  The  most  constant  findings  in  these  cases  were 
extensive  jaundice  of  the  skin  and  conjunctivae,  together  with  sub- 
epicardial and  subpleural  petechial  hemorrhages. 

MENINGITIS 

Altogether,  twenty-two  cases  of  meningitis  came  to  necropsy. 
Exactly  one  half  of  these  were  meningococcic  in  origin.  The  mortality 
of  this  form  of  meningitis  was  very  unsatisfactor}'  in  spite  of  the  ener- 
jetic  treatment  with  large  quantities  of  serum.^  Three  cases  were  due 
to  pneumococci,  two  of  which  occurred  with  an  initial  history  of  influ- 
enza. All  three  cases  were  superimposed  on  pneumonias  or  empyemas. 
In  one  case,  the  spinal  fluid  was  very  turbid,  and  direct  smears  of  the 
uncentrifuged  specimen  revealed  the  pneumococcus  in  numbers  com- 
parable to  those  found  in  twenty-four-hour  cultures.  Typing  revealed 
the  pneumococcus  to  belong  to  Group  IL 

There  was  one  case  of  tuberculous  meningitis.  The  diagnosis  was 
made  shortly  before  death  by  finding  tubercle  bacilli  in  the  fluid.  At 
necropsy,  there  was  found,  in  addition  to  the  advanced  meningitis, 
tuberculosis  of  the  kidneys  and  bladder  and  tuberculous  caries  of  the 
eleventh  dorsal  vertebra.  Nothing  but  a  shell  of  the  body  of  the  verte- 
bra remained.  This  was  wholly  unsuspected,  since  it  had  given  no 
clinical  symptoms. 

The  seven  other  cases  in  the  series  were  mostly  streptococcal,  and 
were  consequent  to  traumatic  lesions  of  the  brain  and  spinal  cord. 

ANEMIA     FROM     HEMORRHAGE 

Severe  secondary  anemias,  sufficient  to  produce  symptoms  and 
death,  were  found  in  4.5  per  cent,  of  the  cases.  In  a  few  of  these,  the 
anemias  were  complicated  by  septicemias.  The  majority  of  the  uncon- 
trollable hemorrhages  followed  ruptures,  through  gunshot  wounds, 
of  the  femoral  and  gluteal  blood  vessels.  One  patient  died  of  hemor- 
rhage from  the  internal  maxillary  artery  which  continued  to  bleed  even 
after  the  common  carotid  on  that  side  had  been  ligated. 

GAS     GANGRENE 

Gas  gangrene  was  present  in  fifteen  cases.  When  the  organism  was 
identified,  it  nearly  always  proved  to  be  the  B.  welchii.    In  no  case  was 
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the  B.  edematiens  recovered,  although  several  of  the  cases  presented 
gross  lesions — very  extensive  edema  with  very  little  gas  in  the  tissues — 
characteristic  of  the  bacillus  of  toxic  edema.  In  antemortem  exami- 
nations of  wound  anaerobes,  the  B.  vibrion  septique  was  identified  in 
five  cultures.  The  brownish  red,  dry,  very  friable,  crepitating  muscles 
produced  by  the  B.  welchvi  was  very  characteristic  and  easily  identified. 

PERICARDITIS 

Pericarditis  was  present  iii  3.9  per  cent,  of  the  cases.  In  several 
cases  there  was  present  a  purulent  or  fibrinopurulent  exudate  to  the 
extent  of  a  liter  or  more  within  the  pericardial  cavity.  Yet,  with  per- 
haps one  or  two  exceptions,  no  antemortem  diagnoses  of  the  condition 
were  made.  It  doubtless  proved,  relatively  at  least,  the  greatest  diag- 
nostic pitfall. 

The  chronic  pericarditides  were  of  the  adhesive  type.  The  chronic 
"patchy"  epicarditis — the  so-called  "soldier  spots"  of  some  writers — 
were  very  interesting  because  of  their  frequency.  Unfortunately,  they 
were  so  common,  that  not  sufiicient  attention  was  paid  to  them.  They' 
were  encountered  many  tirnes  more  frequently  than  in  civil  life.  Many 
stages  in  their  development  could  be  traced  out.  There  were  some 
with  a  patch  about  2  cm.  in  diameter  situated  over  the  right  ventricle 
anteriorly,  several  centimeters  above  the  apex.  From  this  patch,  a 
bundle  of  white,  coarse  adhesions,  2  cm.  in  length,  extended,  uniting 
it  with  the  corresponding  surface  of  the  pericardial  wall.  The  next 
stage  found  was  where  the  adhesions  were  already  ruptured  showing 
a  large  tuft  of  adhesions  hanging  free  from  the  epicardium  and  a 
smaller  tuft  of  adhesions  projecting  from  the  pericardial  sac.  The 
next  stage  showed  a  rough,  thickened  epicardial  patch  with  no  or  only 
a  few  very  short  tags  present.  The  corresponding  surface  on  the  peri- 
cardium showed  slight  evidences  of  adhesions  or  thickening.  The  last 
stage  showed  a  simple,  opaque,  glistening,  white,  thickened  patch  of 
the  epicardium.  There  were  no  more  evidences  of  any  lesions  on  the 
corresponding  point  of  the  epicardium. 

ENTEROCOLITIS 

Twelve,  or  3.3  per  cent.,  of  the  cases  showed  lesions  in  the  large 
and  small  intestines  other  than  those  resulting  from  typhoid  fever.  Of 
these  twelve  cases,  three  were  due  to  Endameha  dysenteriae  in  which 
the  parasites  were  demonstrated  in  preparations  made  from  the  ulcers. 
Two  cases  presented  classical  pictures  of  bacillary  dysentery.  The 
involvement  was  principally  in  the  colon,  but  extended  also  for  a  con- 
siderable distance  up  into  the   ileum.     The   crests  of  the   folds  of 
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mucous  membrane  were  covered  with  thick,  dull  layers  of  exudate. 
The  mucosa  was  edematous  and  hemorrhagic.  Numerous  ulcers  were 
present  which  in  some  areas  were  so  extensive  as  to  leave  only  islands 
of  polypoid  patches  of  mucous  membrane.  Cultures  were  taken  from 
the  feces  and  heart's  blood,  but  not  from  the  spleen  or  mesenteric  lymph 
nodes,  and  this  may  account  for  the  negative  bacteriologic  evidences  for 
the  identification  of  the  lesions.  Seven  cases  had  extensive  lesions  in 
which  neither  endamebae  nor  B.  dysenieriae  were  demonstrated,  and 
the  gross  pictures  of  the  ulcerations  were  not  sufficiently  characteristic 
to  make  a  definite  diagnosis.  Not  a  single  case  of  B.  dysenteriae  of 
any  type  was  isolated  at  this  center,  although  numerous  cultures  were 
made  of  suspected  stools.  Typhoid  and  paratyphoid  organisms  were 
occasionally  isolated  both  from  the  feces  and  from  the  urine,  as  well 
as  from  necropsy  material. 

Zenker's   degeneration 

Parenchymatous  degeneration  of  the  recti  muscles  with  hemor- 
rhage and  rupture  was  strikingly  frequent.  Several  of  the  cases  were 
frank  cases  of  "Zenker's"  degeneration,  both  grossly  and  microscopi- 
cally. The  others  showed  the  swelling  of  the  muscle  fibers,  the  hem- 
orrhage and  rupture  of  the  muscle  bundles,  but  the  yellowish  "waxy" 
appearing  areas  were  not  so  prominent  grossly. 

Seven  of  the  nine  cases  were  associated  with  pneumonia  following 
a  history  of  influenza.  In  one  of  these  there  was  also  present  a  hemor- 
rhagic encephalitis.  Of  the  two  remaining  cases,  one  was  associated 
with  pneumonia  complicating  gunshot  wound,  and  the  other  with 
pneumonia  in  which  the  initial  diagnosis  was  not  stated.  Not  a  single 
case  of  typhoid  presented  this  lesion,  although  typhoid  is  considered  in 
the  textbooks  as  being  the  principal  disease  in  which  it  is  found. 

Several  interesting  confusing  diagnoses  resulted  from  the  hemor- 
rhage and  rupture  of  the  abdominal  rectus  muscles.  In  one  case  a 
diagnosis  of  appendicitis  was  made  which  was  fortunately  treated 
medically  and  not  surgically.  At  the  necropsy  the  appendix  was  found 
to  be  normal,  but  the  lower  third  of  the  right  rectus  muscle  sho^vled 
typical  Zenker's  degeneration  with  rupture.  In  another  case,  the  patient 
suddenly  developed  signs  of  acute  cholecystitis.  All  his  symptoms  were 
referred  to  the  gallbladder  region.  There  was  marked  tenderness, 
severe  pain,  some  rigidity  and  a  distinct  mass  was  palpable.  An  area 
of  dulness  the  size  of  an  orange,  in  the  region  of  the  gallbladder,  was 
outlined.  The  findings  were  so  definite  that  it  was  decided  to  operate, 
but  not  until  a  careful  consultation  was  held.  A  diagnosis  of  acute 
cholecystitis,  probably  suppurative,  was  made.  On  the  day  set  for 
operation,  the  patient  developed  edema  of  the  lungs  and  sank  into  a 
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condition  too  serious  for  operation.  He  died  several  days  later.  At 
necropsy,  the  gallbladder  was  found  to  be  entirely  normal,  and  this 
time  the  upper  right  rectus  muscle  showed  Zenker's  degeneration  with 
rupture  and  extensive  hemorrhage  into  the  sheaths  which  extended 
upward  to  the  insertions  at  the  costal  cartilages.  The  greatest  amount 
of  blood  clot  was  found  just  below  the  costal  margin. 

One  point  of  difiFerential  diagnosis  between  these  lesions  in  the 
rectus  muscles  and  true  surgical  conditions  within  the  peritoneal  cav- 
ity was  brought  out  at  a  discussion  in  one  of  the  clinicopathologic  con- 
ferences. Whereas  tenderness  and  pain  is  elicited  readily  by  very 
superficial  palpation  in  the  first  instance,  it  is  only  on  deeper  palpation 
that  the  maximum  discomfort  is  produced  in  the  latter  case. 

TYPHOID    FEVER 

In  this  series  eight  cases  of  typhoid  fever  were  encountered.  Only 
one  or  two  were  diagnosed  clinically.  The  lesions  in  the  intestines 
were  characteristic,  but  extensive  ulcerations  in  the  colon  were  more 
frequently  encountered  than  is  the  usual  experience.  In  most  of  the 
cases,  the  B.  typhosus  was  recovered  from  the  spleen,  gallbladder  and 
the  heart's  blood.  A  few  cases  failed  to  give  any  bacteriologic  evi- 
dences of  the  disease  although  the  gross  lesions  were  definitely 
diagnostic. 

The  clinical  diagnosis  of  typhoid  and  paratyphoid  fever  proved 
quite  a  problem.  In  many  cases  at  the  center  which  were  clinically 
typhoid,  no  corroborative  laboratory  evidences  could  be  obtained  either 
in  positive  blood  cultures  or  in  positive  stool  or  urine  cultures.  The 
ordinary  Widal  test  is,  of  course,  worthless  in  prophylacticated  indi- 
viduals. One  of  the  laboratory  staff*  obtained  interesting  results  by 
using  Dryer's  quantitive  agglutination,  which  promises  to  be  a  valuable 
aid  in  differential  diagnosis  of  this  disease  in  prophylacticated  indi- 
viduals, where  cultural  evidences  are  negative.  No  known  case  of 
paratyphoid  fever  came  to  necropsy. 

DIPHTHERIA 

The  mortality  from  diphtheria  was  very  disappomting.  Several 
patients  dying  of  diphtheria  came  to  necropsy  with  the  case  undiag- 
nosed clinically.  The  reasons  for  this  are  discussed  fully  by  Barron 
and  Bigelow.^  All  cases  were  of  the  laryngeal  type  —  a  condition 
rather  unusual  for  adults.. 


4.  Eggerth:    A  Study  of  Dreyer's   Agglutination  Technique  in   the  Army, 
J.  Infect.  Dis.,  1919  (in  press). 
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HEMORRHAGIC    ENCEPHALITIS 


Three  cases  of  hemorrhagic  encephalitis  are  included  in  the  series. 
One  case  was  associated  with  ascending  myelitis  associated  with  com- 
plete transverse  laceration  of  the  lower  dorsal  cord  following  gunshot 
injury.  Another  case  was  associated  with  pneumonia  following  a 
history  of  influenza.  The  third  case  was  associated  with  a  beginning 
bronchopneumonia  in  a  patient  who  had  apparently  completely 
recovered  from  a  gimshot  wound.  The  patient  was  ready  for  evacua- 
tion when  he  became  sick  very  suddenly  with  a  high  temperature,  rapid 
pulse  and  increased  respiration.  The  next  morning  after  his  readmis- 
sion  to  the  hospital,  a  diagnosis  of  lobar  pneumonia  was  made.  Shortly 
afterward,  he  developed  symptoms  of  increased  intracranial  pressure, 
with  subnormal  temperature,  pulse  46,  respiration  8.  Retinoscopy 
revealed  a  "choked  disc."  He  died  less  than  forty-eight  hours  after 
admission.  At  necropsy  there  was  extreme  injection  of  the  pia  mater 
and  the  arachnoid  membrane.  Section  of  the  brain  showed  the  white 
matter  peppered  with  pinpoint  to  pinhead  sized  hemorrhages  most 
marked  in  the  corpus  striatum  on  the  left  side,  the  corpus  callosum 
and  in  the  pons.  The  lungs  showed  only  the  very  earliest  stage  of 
bronchopneumonia.  The  blood  culture  made  at  necropsy  was  sterile. 
Unfortunately  no  cultures  were  made  from  the  brain  tissue. 

CONGENITAL    ANOMALIES 

Of  the  fourteen  prominent  congenital  anomalies,  exactly  50  per 
cent,  involved  the  kidneys.  There  were  three  cases  of  horseshoe  kid- 
ney. Two  cases  of  hypoplasia  were  found  in  which  the  involved 
kidneys  were  about  the  size  of  lima  beans,  while  the  kidneys  on  the 
opposite  side  were  about  twice  the  normal  size,  a  compensatory  hyper- 
plasia. There  were  two  cases  of  complete  aplasia  of  one  of  the  kidneys. 
In  these,  not  only  was  there  no  vestige  of  kidney  substance  found,  but 
there 'was  not  a  trace  of  the  corresponding  ureter. 

Of  the  remaining  anomalies,  only  one  other  is  worthy  of  mention, 
that  of  an  accessory  lung.  A  mass  of  tissue  entirely  covered  with 
pleura,  having  the  size,  shape,  appearance  and  consistency  of  one  of 
the  lobes  of  a  lung  in  a  full  term  fetus,  was  found  in  the  left  pleural 
cavity  attached  by  a  narrow  pedicle  of  connective  tissue  to  the  antero- 
lateral prevertebral  tissue  in  the  region  of  the  eighth  dorsal  vertebra. 
This  pedicle  appeared  like  the  structure  of  the  hilus  of  a  lung,  but  had 
no  relation  to  any  of  the  structures  of  the  normal  lung.  The  only 
connection  discovered  between  it  and  the  normal  structures  was 
through  two  arteries,  each  about  2  mm.  in  diameter  (outside),  arising 
from  the  aorta  in  that  region.    These  arteries  were,  of  course,  entirely 
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anomalous.  The  parenchyma  did  not  crepitate  and  contained  no  air. 
On  section,  a  miniature  bronchial  tree  could' be  identified  in  which  the 
structure  corresponding  to  a  bronchus  measuring  about  5  mm.  in 
diameter  ended  blindly  and  bluntly  in  the  loose  cellular  tissue  of  the 
"hilus"  near  the  two  arteries.  Microscopically,  the  tissue  shows 
definite  bronchial  and  bronchiolar  structure,  with  cartilages,  non- 
striated  muscle  fibers  and  connective  tissue.  The  blood  vessels  are 
prominent.  The  lumen  is  lined  with  a  high  columnar  epithelium  and 
contains  mucoid  material  mixed  with  epithelial  cells  and  other  cellular 
debris.  The  parenchyma  shows  a  rather  loose  cellular  connective, 
tissue  through  which  are  scattered  islands  of  cuboidal  and  columnar 
epithelial  cells,  some  thrown  together  irregularly,  others  arranged  in 
gland-like  structures.  This  tissue  will  probably  be  studied  more  in 
detail  by  me  at  some  future  time. 

SUMMARY 

A  number  of  important  facts  reveal  themselves  in  the  study  of  this 
tnaterial.    A  few  of  them  are  the  following: 

Empyemas  and  acute  pericarditides  are  not  so  readily  diagnosed 
as  the  textbooks  would  make  one  believe.  These  conditions  have 
proven  pitfalls  for  some  of  our  best  diagnosticians. 

A  very  large  percentage  of  the  pneumonia  cases  have  associated 
suppurative  conditions  in  one  or  more  of  the  sinuses  in  the  skull. 
These  present  very  meager,  if  any,  clinical  evidences,  and  nearly 
always  remain  undiagnosed  until  the  postmortem  examination. 

Influenza  practically  never  kills  by  itself  alone.  In  the  present 
series,  pneumonia  was  the  cause  of  death  in  nearly  all  of  the  cases,  a 
few  patients  dying  of  meningitis,  typhoid  fever,  etc.  B.  influenzae  of 
Pfeiffer  played  no  important  role. 

Of  all  the  deaths,  about  75  per  cent,  were  medical.  Although  almost 
40  per  cent,  of  the  deaths  occurred  in  wounded  persons;  in  a  con- 
siderable proportion  of  these  the  wounds  were  far  too  slight  to  play 
any  important  part  in  causing  death. 

The  surgical  treatment  of  gunshot  wounds  was  at  times  not  suffi- 
ciently intensive.  Cases  came  to  necropsy  which  probably  might  have 
been  saved  by  amputation  of  an  involved  extremity,  or  by  more  radical 
debridement. 

Some  surgical  cases  with  gunshot  injuries  to  the  abdomen  were 
evacuated  to  base  hospitals  while  in  a  nontransportable  condition. 

Zenker's  degeneration,  with  rupture  and  hemorrhage,  is  associated 
with  highly  virulent  infections.  It  sometimes  may  cause  confusion  in 
diagnosis  from  intra-abdominal  surgical  conditions. 
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Congenital  anomalies  were  present  in  about  4  per  cent,  of  the  cases, 
and  one-half  of  these  involved  the  kidneys. 

Practically  no  well  established  chronic  lesions  escaped  the  detection 
of  the  recruiting  medical  examining  boards. 

RESUME    OF    THREE    HUNDRED    AND    FIFTY-SIX    NECROPSIES 
Statistical  Data  Up  to  Jan.  1,  1919 

GENERAL  CONSIDERATIONS 

Total  number  of  patients  treated 29,196 

Total  number  of  deaths . .  j 429 

Mortality  rate 1.47  per  cent. 

Total  number  of  necropsies 356 

Patients  No.  of  Mortality         No.  of 

Treated*  Deaths  Rate,  %       Necropsies 

Evacuation  Hospital  19 4,951  7  0.14  7 

Base  Hospital  26 5,512  99  1.79  85 

Base  Hospital  25 5,860  117  1.99  97 

Base  Hospital  49 4,626  84  1.81  76 

Base  Hospital  56 7,766  82  1.05  67 

Base  Hospital  70 5,371  40  0.78  24 

Date  of  first  convoy  of  patients  to  center July  23,  1918 

Date  of  first  necropsy July  26,  1918 

NECROPSY  FINDINGS 

Empyema  and  pleurisy 225  cases  or  63.2% 

Acute   pleurisy 95  cases  or  26.7% 

Empyema  50  cases  or  14.0% 

Chronic    pleurisy 50  cases  or  14.0% 

Chronic  and  acute  pleurisy 30  cases  or    8.5% 

Pneumonia    218  cases  or  61.2% 

Bronchopneumonia    165  cases  or  75.5% 

Streptococcic    64  cases  or  38.8% 

Pneumococcic    20  cases  or  12.1% 

Undetermined    81  cases  or  49.1% 

Lobar  pneumonia Zl  cases  or  17.0% 

Pneumococcic   16  cases  or  432% 

Streptococcic 11  cases  or  29.8% 

Undetermined   10  cases  or  27.0% 

Interstitial  16  cases  or    7.5% 

Streptococcic    16  cases  or  100  % 

Positive  blood  cultures 163  cases  or  45.8% 

Hemolytic    streptococcus 84  times  or  51.4% 

Nonhemolytic   streptococcus 35  times  or  21.3% 

Pneumococcus    26  times  or  16.0% 

B.  welchii... 12  times  or    7.3% 

B.  pyocyaneus 5  times  or    3.4% 

Staphylococcus    1  time    or    0.6% 

Number  of  wounded 142  or  39.8% 

Parts  wounded , 163 

Extremities    86  or  52.7% 

Abdomen   28  or  17.1% 

Chest    26  or  16.0% 

Head 23  or  142% 


*  This  total  includes  4,890  patients  received  by  transfer. 
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Number  of  bones   fractured 91 

Ribs  13 

Femur    12 

Ilium   10 

Vertebrae   10 

Skull  9 

Tibia   7 

Fibula 4 

Scapula   4 

Humerus   3 

Coccix   3 

Radius    3 

Ulna  3 

Ischium    3 

Metacarpal    , 2 

Sacrum  2 

Ankle   1 

Clavicle    1 

Jaw  1 

Number  of  cases  with  otitis  media  and  sinusitis 120  or  33.7%- 

Number  of  otitis  media  and  sinusitis  involvements 192 

Sphenoidal    sinusitis 92  times  or  25.8% 

Frontal   sinusitis 34  times  or    9.5% 

Ethmoidal  sinusitis 35  times  or    9.8% 

Otitis   media 31  times  or    8.7% 

Influenza    87  cases  or  24.4% 

Pneumonia  following  influenza 75  cases  or  36.2% 

Bronchopneumonia    48  cases  or  64% 

Streptococcic  22  cases  or  45.8% 

Pneumococcic   14  cases  or  29.2% 

Undetermined   12  cases  or  25.0% 

Lobar    pneumonia 18  cases  or  24% 

Pneumococcic   12  cases  or  67% 

Streptococcic    4  cases  or  22% 

Undetermined   2  cases  or  11% 

Interstitial    pneumonia 9  cases  or  12% 

Streptococcic    9  cases  or  100  % 

Number  of  cases  with  otitis  media  and  sinusitis 50  or  57.4% 

Number  of  otitis  media  and  sinusitis  involvements 91 

Sphenoidal    sinusitis 35  times  or  70.0% 

Ethmoidal  sinusitis 22  times  or  44.0% 

Frontal   sinusitis , 17  times  or  34.0% 

Otitis   media 17  times  or  34.0% 

Pleurisy   33  cases  or  37.9% 

Empyema    13  cases  or  15.0% 

Meningitis    7  cases  or    8.0% 

Meningococcic    4  cases  or  57.1% 

Pneumococcic   2  cases  or  28.6% 

Tuberculous    1  case    or  14.3% 

Zenker's   Degeneration 7  cases  or    8.0% 

Pulmonary  tuberculosis 4  cases  or    4.6% 

Septicemia    5  cases  or    5.8% 

Lung    abscess 4  cases  or    4.6% 

Pericarditis  3  cases  or    3.4% 

Typhoid   fever 3  cases  or    3.4% 

Diphtheria  * 3  cases  or    3.4% 

Mediastinal    abscess lease    or    1.2% 

Encephalitis,  hemorrhagic 1  case    or    12% 

Abscess   of  kidney 1  case    or    12% 

Nephritis    76  cases  or  21.3% 

Mild   34  cases  or    9.5% 

Moderate  40  cases  or  11.2% 

Severe  2  cases  or    0.6% 
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Peritonitis    41  cases  or  11.5% 

Acute    37  cases  or  90.0% 

Peritonitis   from  gunshot  wound 12  cases 

Chronic    4  cases  or  10.0% 

Gas  Inhalation  and  Contact 39  cases  or  10.9% 

Tracheobronchitis  and  pneumonia 26  cases  or  66.6% 

Tracheobronchitis    10  cases  or  25.6% 

Pneumonia    3  cases  or     7.8% 

Tuberculosis,  pulmonary 36  cases  or  10.1% 

Chronic   or   healed 24  cases  or  66.7% 

Acute    8  cases  or  22.2% 

Chronic  and  acute 4  cases  or  11.1% 

Septicemia   32  cases  or    9.0% 

Streptococcus  hemolyticus 24  cases  or  75.0% 

Streptococcus,  nonhemolyticus 7  cases  or  21.9% 

Streptococcus    viridans lease    or    3.1% 

Meningitis    22  cases  or    6.\% 

Meningococcic   11  cases  or  50.0% 

Pneumococcic  3  cases  or  13.6% 

Tuberculous    1  case    or    4.5% 

Other  types 7  cases  or  31.9% 

Anemia  from  hemorrhage 16  cases  or    4.5% 

Gas  gangrene 15  cases  or    42% 

Pericarditis    14  cases  or    3.9% 

Acute 9  cases  or  64.3% 

Chronic   3  cases  or  35.7% 

Enterocolitis    ., 12  cases  or    3.3% 

Amebic 3  cases  or  25.0% 

Bacillary  2  cases  or  16.7% 

Undetermined    . . : 7  cases  or  58.3% 

Zenker's    degeneration 9  cases  or    2.5% 

Typhoid  fever 8  cases  or    22% 

Diphtheria 8  cases  or    22% 

Hemorrhagic  encephalitis 3  cases  or    0.8% 

Congenital   anomalies 14  cases  or    3.9% 

Kidney,   horseshoe 3  cases  or  21.4% 

Kidney    hypoplasia 2  cases  or  14.3% 

Kidney  aplasia  2  cases  or  14.3% 

Patent  foramen  ovale 3  cases  or  21.4% 

Accessory  lung 1  case    or    7.1% 

Accessory    pancreas 1  case    or    7.1% 

Pectoral   muscle,   aplasia 1  case    or    7.1% 

Meckel's    diverticulum lease    or    7.1% 


Reprinted  from  the  Archives  of  Internal  Medicine 
September,  1919,  Vol.  XXIV,  pp.  302-320 
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TUMORS  OF  THE  THYMUS  IN  MYASTHENIA  GRAVIS 

By  E.  T.  Bell 

FROM    THE   DEPARTMENT   OF   PATHOLOGY,    UNIVERSITY    OF    MINNESOTA 

No  characteristic  lesions  were  described  in  the  first  seventeen 
autopsy  reports  of  cases  of  myasthenia  gravis.  However,  in  1901, 
Weigert  reported  a  case  with  a  thymic  tumor  and  numerous  foci  of 
lymphocytes  in  the  skeletal  muscles.  In  the  majority  of  autopsies 
since  1901,  lymphocytic  foci  have  been  noted  in  the  muscles,  and  the 
thymus  has  been  frequently  described  as  enlarged  or  the  seat  of  a 
tumor.  In  this  paper  only  the  thymic  abnormalities  are  to  be  con- 
sidered. 

Starr  (i),  in  1912,  reviewed  two  hundred  and  fifty  cases  of 
myasthenia  gravis,  and  noted  that  a  pathologic  condition  of  the 
thymus  was  recorded  in  twenty-eight  per  cent,  of  the  cases  that  came 
to  autopsy.  But  Starr  evidently  included  all  the  earlier  reports  in 
which  it  is  probable  that  the  thymus  was  not  carefully  examined. 
Thus  in  Campbell  and  Bramwell's  (2)  review  of  seventeen  autopsies 
in  1900  the  thymus  was  not  mentioned,  although  in  recent  autopsies 
it  is  very  commonly  described  as  abnormal.  The  percentage  of 
cases  with  thymic  involvement  can  therefore  be  more  accurately 
determined  by  considering  only  the  reports  which  have  appeared 
since  the  publication  of  Weigert's  paper. 

Fifty-six  autopsies  have  been  published  since  1 901.  The  thymus 
was  described  as  enlarged  in  seventeen  of  these  cases ;  and  in  ten 
others  it  contained  a  tumor.  Therefore  some  form  of  thymic  in- 
volvement seems  to  occur  in  nearly  half  the  cases  of  myasthenia 
gravis. 

Persistent  or  Enlarged  Thymus. — Enlargement  or  persistence  of 
the  thymus  has  been  recorded  in  seventeen  cases.  These  are  listed 
in  Table  I,  with  the  information  as  to  actual  size  furnished  by  the 
respective  authors.  The  data  are  not  satisfactory  in  every  case. 
Such  divergent  views  are  held  as  regards  the  normal  weight  of  the 
thymus  at  different  ages  that  one  is  not  convinced  of  a  true  enlarge- 
ment merely  by  the  author's  statement  unsupported  by  any  weights 
or  measurements. 
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TABLE  I 

Enlargement  of  Thymus 

Author 

Patient 

Size  of  Thymus 

Steinert,3 

Elderly  woman, 

Persistent. 

Meyer,* 

Male,  47  years, 

Enlarged. 

Moorhead,* 

Female,  25  years, 

Persistent;  extends  over 
pericardium. 

Booth,6 

Male,  II  years. 

II  cm.  X5-5  cm.  X  i  cm. 

MarinescoJ 

Female,  31  years, 

Persistent. 

Burr  and  McCarthy.s 

Female,  21  years. 

Enlarged. 

Burr,9 

Male,  30  years. 

22  gm.    (abscess). 

Hodlemoser,io 

Female,  18  years, 

Status   thjTnico-lyrnphat- 
icus,  large  thymus. 

Symes.ii 

Female,  21  years. 

Each  lobe,  11.4  cm.  X  3-8 

Hart,i2 

Female,  30  years, 

cm. 
No  age  involution. 

Dupre  et  Pagniez,i' 

Female,  32  years, 

8  gm.,  persistent. 

Link.i* 

Male,  43  years. 

3  cm.  long. 

Boudon.is 

Female,  17  years, 

36  gm. 

Buzzard,!^ 

Male,  40  years. 

9-5  gm- 

Buzzard,!* 

Male.  40  years. 

59-4  Sm.   (cystic). 

Buzzard.io 

Female,  28  years, 

41  gm. 

Schumacher  &  Roth,i7 

Female,  19  years. 

49  gm. 

The  enlarged  or  persistent  thymus  in  myasthenia  is  usually  de- 
scribed as  showing  a  normal  histologic  structure  or  a  simple  hyper- 
plasia. In  Burr's  case  the  thymus  contained  a  large  abscess. 
Schumacher  and  Roth's  case  had  exophthalmic  goitre  as  well  as 
myasthenia.  The  patient's  myasthenic  symptoms  disappeared  after 
thymectomy. 

The  frequent  occurrence  of  hyperplasia  of  the  thymus  in  myas- 
thenia is  of  special  interest  in  connection  with  the  study  of  the 
thymic  tumors  which  occur  in  this  disease.  Ten  cases  of  myas- 
thenia gravis  have  been  recorded  in  which  a  tumor  of  the  thymus 
was  found  at  autopsy.  It  will  be  more  convenient  to  describe  my 
own  case  before  discussing  the  literature. 

The  case  to  be  reported  occurred  in  the  service  of  Dr.  \Y.  A. 
Jones  at  the  Minneapolis  City  Hospital.  The  patient,  a  male  58 
years  old,  presented  the  typical  clinical  picture  of  myasthenia  gravis. 
A  full  clinical  history  is  given  by  Dr.  Jones  in  a  paper  read  at  the 
Detroit  Meeting,  June,  191 6,  and  soon  to  be  published  in  the  Journal 
of  the  American  Medical  Association. 

At  autopsy^  a  tumor  was  found  in  the  thymic  region  just  above 
the  heart  and  immediately  behind  the  sternum.  It  was  embedded 
in  the  loose  connective  tissues  and  was  not  adherent  to  the  sternum 
or  any  of  the  thoracic  viscera.  Microscopic  examination  of  the 
adipose  tissue  lying  around  the  superior  part  of  the  tumor  revealed 
the  usual  senile  thymic  tissue,  viz.,  very  small  thymic  lobules  con- 

1  The  autopsy  was  performed  by  me,  and  a  report  of  the  findings  was 
submitted  to  Dr.  Jones. 
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taining  Hassall  corpuscles,  and  separated  by  large  quantities  of 
adipose  tissue.  The  tumor  is  therefore  intimately  related  to  the 
thymus  gland  which  otherwise  shows  the  typical  senile  involution. 

The  tumor  was  easily  separated  from  the  adjacent  connective 
tissue.  It  weighed  sixty  grams.  It  is  6  cm.  long,  3.5  cm.  deep 
antero-posteriorly,  and  the  transverse  measurements  are  3.6  cm. 
above  and  4.2  cm.  below.  It  is  completely  enclosed  in  a  strong 
fibrous  capsule,  about  0.5  mm.  thick,  which  is  not  perforated  at  any 
point.  The  external  surfaces  show  low  nodular  elevations  (Fig.  i). 
The  cut  surface  is  of  soft  consistence,  somewhat  softer  than  the 


Fig.  I.  Anterior  surface  of  thymic  tumor,  after  removal  of  the  adjacent 
connective  tissue.     Photomicrograph.     X  i- 

Fig.  2.  Cut  surface  of  tumor.  The  dark  areas  are  hemorrhagic.  Pho- 
tomicrograph.    X  I- 


thymus  of  a  child,  and  is  studed  with  hemorrhagic  areas  (Fig.  2). 
The  tissue  is  of  light  gray  color  except  in  the  hemorrhagic  areas. 
No  lobules  are  seen. 

Under  low  magnification  no  definite  lobulation  can  be  made  out, 
although  there  are  some  irregular  septa  composed  of  very  loose  con- 
nective tissue,  containing  small  lymphocytes  and  blood  vessels.  Nu- 
merous small  hemorrhages  are  to  be  seen.  Around  these  areas 
there  are  often  many  phagocytic  cells  filled  with  blood  pigment. 
There  are  a  few  areas  of  necrosis. 

The  tumor  tissue  consists  of  cells  with  large  vesicular  nuclei 
and  abundant  light-staining  cytoplasm,  fused  together  to  form  a 
syncytium.  Throughout  the  syncytium  are  numerous  spaces  of 
variable  shape  and  size,  containing  small  lymphocytes  (Fig,  3,  4). 
In  some  areas  the  lymphoid  cells  predominate,  in  other  areas  the 
epithelial   cells.     To   those   familiar   with  the  histogenesis   of  the 
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thymus  it  will  be  clear  that  this  tissue  corresponds  closely  to  the 
structure  of  the  embryonic  thymus  at  the  stage  when  the  epithelial 
organ  is  being  transformed  into  a  lymphoid  organ.  The  cells  with 
large  clear  nuclei  are  thymic  epithelial  cells.  In  another  paper  I 
(18)  have  published  figures  illustrating  this  stage  in  the  develop- 
ment of  the  thymus.  There  is  no  true  differentiation  into  cortex 
and  medulla  in  any  part  of  the  tumor  examined ;  but  some  areas 
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Fig.  3.  A  typical  area  of  the  tumor  showing  the  epithelial  reticulum  and 
numerous  lymphocytes  in  the  spaces.  This  corresponds  to  the  structure  of 
the  fetal  thymus  at  the  stage  of  the  lymphoid  transformation.  Drawing. 
X600. 


contain  many  more  lymphocytes  than  other  portions  (Fig.  5).  It 
is  to  be  remembered  that  the  entire  reticulum  of  the  thymus  is  of 
epithelial  origin,  and  that  the  cortex  normally  contains  a  great  many 
more  lymphocytes  than  the  medulla — the  latter  retaining  somewhat 
of  an  epithelial  appearance  in  the  fully  formed  gland. 
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Fig.  4.  Area  of  tumor.  In  the  greater  part  of  this  area  there  are  rela- 
tively few  lymphocytes ;  the  epithelium  is  therefore  prominent.  In  the  center 
of  the  field  is  a  blood  capillary  surrounded  by  a  large  space  containing  only  a 
few  lymphocytes.     Photomicrograph.     X  5oo. 


Fig.  5.  Area  showing  a  central  portion  composed  almost  entirely  of  epi- 
thelium, surrounded  by  tissue  in  which  the  lymphocytes  are  very  numerous. 
This  probably  represents  an  early  stage  of  differentiation  into  cortex  and 
medulla.     Photomicrograph.     X  80. 
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No  corpuscles  of  Hassall  are  to  be  seen.  These  structures  do 
not  appear  in  the  development  of  the  thymus  until  the  medulla  has 
become  well  defined,  and  since  the  tumor  tissue  has  not  yet  attained 
this  stage  of  differentiation  one  would  not  expect  to  find  them. 
However,  there  can  be  no  doubt  that  the  tumor  is  composed  of 
young  thymic  tissue,  even  though  no  corpuscles  are  present. 

In  some  parts  of  the  tumor  there  are  tubule-like  structures  which 
contain  one  or  more  small  blood  vessels  and  a  few  lymphocytes 
(Figs.  4  and  6).  The  cavity  is  much  larger  than  the  contained  ves- 
sel, and  the  epithelial  syncytium  is  arranged  in  a  smooth  layer  to 
form  its  wall.     Examination  of   serial  sections  shows  that  these 


Fig.  6.  In  the  center  of  the  field  is  a  large  rounded  space  containing 
lymphocytes,  in  the  upper  right  hand  corner  of  which  a  blood  capillary  is 
shown.  These  spaces  are  continuous  with  the  interlobular  septa.  They  are 
not  to  be  interpreted  as  tubules  or  lymph  vessels.    Photomicrograph.     X  500. 

tubular  cavities  are  branched  off  from  the  larger  septa.  Small  blood 
vessels  accompanied  by  lymphocytes  penetrate  the  more  solid  parts 
of  the  tumor,  forming  cavities  in  the  tissue  much  larger  than  the 
invading  vessels.  The  chief  interest  of  these  structures  is  the  dan- 
ger of  their  misinterpretation.  They  might  readily  be  mistaken  for 
lymph  vessels  or  tubules.  Apparently  Mandelbaum  and  Celler  (22) 
did  not  recognize  their  true  nature. 

This  is  evidently  a  benign  tumor.  It  is  completely  encapsulated, 
and  there  are  very  few  mitotic  figures.  It  might  properly  be  classi- 
fied as  an  adenoma,  but  it  is  probably  better  in  the  present  state  of 
our  knowledge  of  these  growths  to  designate  it  simply  as  a  benign 
thymoma. 

Ten  cases  of  thymic  tumor  associated  with  myasthenia  gravis 
have  been  reported.     These  will  be  discussed  separately. 
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1.  Laquer  and  Weigert  (19),  1901.  Male,  30  years  old.  A 
reddish  tumor,  5  cm,  long,  5  cm.  wide,  and  3  cm.  in  thickness,  was 
found  in  the  thymic  position  in  the  anterior  mediastinum  close  to  the 
pericardium.  The  cut  surface  was  partly  dark,  partly  bright  red.  Mi- 
croscopically, there  were  abundant  free  masses  of  blood  surrounding 
islands  of  tissue.  The  tissue  islands  consisted  mainly  of  lymphoid 
cells,  such  as  are  found  in  the  normal  thymus,  and  less  numerous 
larger  cells  with  abundant  cytoplasm  and  large  clear  nuclei — the  so- 
called  epithelioid  cells.  Hassall's  corpuscles  were  found.  Tumor 
cells  were  found  in  the  veins  and  arteries  of  the  growth. 

The  lymphorrhages  (foci  of  lymphocytes)  in  the  muscles  were 
interpreted  by  Weigert  as  metastases  of  the  thymic  growth;  but 
these  have  been  shown  to  occur  in  myasthenia  in  the  absence  of  any 
thymic  abnormality  and  can  in  no  sense  be  regarded  as  metastases. 
This  error  is  apparently  chiefly  responsible  for  Weigert's  interpre- 
tation of  his  tumor  as  a  lymphosarcoma.  The  presence  of  cells  in 
the  blood  vessels  (if  these  were  lymphocytes)  does  not  mean  malig- 
nancy, since  there  is  always  a  considerable  increase  of  lymphocytes 
in  the  thymic  blood  vessels  during  the  lymphoid  transformation  of 
the  normally  developing  thymus.  Weigert's  description  shows 
clearly  that  he  saw  the  epithelial  reticulum  and  the  lymphocytes. 
He  described  fetal  thymic  tissue.  His  tumor  is  clearly  a  benign 
growth  very  similar  to  my  case. 

2.  Weigert  (19)  mentions  a  mediastinal  tumor,  similar  to  the 
one  first  described,  seen  by  him  in  an  uncertain  case  of  myasthenia. 
No  further  details  are  given.  The  tumor  was  apparently  not  exam- 
ined microscopically. 

3.  Oppenheim  (20),  191 1.  Female,  40  years  old.  A  somewhat 
atypical  case  of  myasthenia.  A  tumor  the  size  of  a  five-mark  piece 
was  grown  to  the  right  lung.  In  the  region  of  the  thymus  was  a 
light  brownish-red  tumor  the  size  of  a  mandarin.  The  cut  surface 
was  sprinkled  with  numerous  red  and  black  points  and  stripes.  In 
stained  preparations  there  were  closely  crowded  masses  of  deeply 
stained  round  cells  and  large  pale  nuclei.  Oppenheim's  diagnosis 
was  lymphosarcoma  of  the  thymus.  However,  the  size  and  gross 
appearance  of  the  tumor  correspond  to  Weigert's  case.  The  micro- 
scopic description  was  not  detailed,  but  apparently  a  reticulum  and 
lymphocytes  were  present.  It  is  probable  that  this  was  a  benign 
tumor  similar  to  Weigert's. 

4.  Hun,  Blumer,  and  Streeter  (21),  1904.  Male,  32  years  old. 
In  the  anterior  mediastinal  space  behind  the  manubrium  was  a  rather 
soft,  almost  fluctuating  globular  tumor,  about  5  cm.  in  diameter,  and 
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not  connected  with  either  trachea  or  esophagus.  It  was  possibly  a 
trifle  lower  than  the  usual  position  of  the  thymus.  On  section  it 
was  exceedingly  soft  and  some  parts  were  distinctly  hemorrhagic. 
The  nonhemorrhagic  parts  had  a  grayish- white  color  and  the  appear- 
ance of  a  cellular  sarcoma.  A  connective  tissue  capsule  surrounded 
the  tumor.  Microscopically  it  consisted  of  irregular  columns  or 
islands  of  cuboidal  epithelioid  cells  with  large  granular  protoplasmic 
bodies  and  rather  large  pale  nuclei.  Surrounding  these  were  an 
almost  equal  number  of  small  cells  resembling  the  lymphoid  cells  of 
the  thymus.  The  authors  stated  that  the  appearances  suggested  an 
hyperplasia  of  the  thymus,  but  they  concluded  finally  that  the  tumor 
was  a  lymphosarcoma.  This  error,  as  in  Weigert's  case,  seems  to 
have  been  due  to  their  interpretation  of  the  lymphorrhages  in  the 
muscles  as  metastases  of  the  thymic  tumor.  The  tumor  corresponds 
closely  both  grossly  and  microscopically  with  my  own  case. 

5.  Mandlebaum  and  Celler  (22),  1908.  Male,  52  years  old. 
Thymus  weighed  20  gm. ;  it  was  5  cm.  in  length,  3.5  cm.  in  width, 
and  2  cm.  in  thickness.  The  cut  surface  was  pinkish  in  color,  very 
firm  and  lobulated.  In  only  a  few  places  could  any  normal  thymic 
tissue  be  found.  This,  in  some  instances,  was  separated  from  the 
tumor  by  layers  of  connective  tissue,  but  in  other  places  it  was  seen 
to  be  in  direct  relationship  with  the  tumor.  The  tumor  itself  was 
separated  from  the  surrounding  structures  by  a  well  marked  con- 
nective tissue  capsule  which  extended  irito  the  tumor,  dividing  it 
into  lobes.  Scattered  areas  of  blood  pigment  were  seen  in  the  con- 
nective tissue  septa. 

Microscopically,  the  tumor  contained  nimierous  widely  dilated 
lymph  channels  or  lymph  spaces  lined  by  endothelium.  The  tumor 
tissue  between  the  lymph  channels  was  of  a  ver>'  dense  cellular  struc- 
ture. The  cells  were  large,  of  an  oval,  polygonal,  or  irregular  shape 
and  contained  large  vesicular  nuclei.  The  cytoplasm  was  granular 
and  stained  lightly  with  eosin  or  picric  acid.  Throughout  the  sec- 
tion the  cells  had  a  tendency  to  form  fairly  large  concentric  bodies, 
somewhat  resembling  those  found  in  psammoma  and  certain  types 
of  endothelioma,  but  having  no  direct  connection  with  any  blood 
vessels.  None  of  the  cells  showed  any  mitotic  changes.  In  some 
of  the  sections  small  islands  of  lymphoid  cells  were  seen  scattered 
between  the  tumor  cells.  The  lymph  spaces  were  well  filled  with 
large  spherical  cells,  smaller  lymphocytic  cells,  and  granular  matter. 

The  authors  believed  that  the  tumor  cells  were  all  derived  origi- 
nally from  the  endothelium  of  the  perivascular  lymph  spaces,  and 
therefore  concluded  that  the  tumor  should  be  classed  as  a  peri- 
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lymphatic  lymphangio-endothelioma.     Apparently  no  true  Hassall 
corpuscles  were  found  in  the  tumor  proper. 

It  is  probable,  however,  that  the  lymph  channels  described  by 
Mandlebaum  and  Celler  are  only  spaces  in  the  epithelial  tissue  hol- 
lowed out  by  invading  blood  vessels,  such  as  were  described  in  my 
case  (Figs.  4,  6).  These  spaces  are  lined  not  by  a  true  endothelium 
but  by  a  condensation  of  the  adjacent  epithelial  cells  (cf.  their  Fig. 
7).  A  simpler  explanation  of  this  tumor  is  to  regard  the  large  cells 
as  thymic  epithelium,  not  as  endothelium.  With  this  interpretation 
the  growth  would  differ  from  my  case  only  in  containing  a  much 
smaller  proportion  of  lymphocytes.  It  would  be  classified  as  a  be- 
nign thymoma  composed  largely  of  epithelial  cells. 

6.  Wiener  (23),  in  1908,  demonstrated  a  case  of  myasthenia 
before  the  Verein  deutscher  Aertze  in  Prague.  The  patient,  a 
woman  67  years  old,  died  later  and  at  autopsy  a  tumor  was  found 
in  the  position  of  the  thymus.  No  further  details  are  given  in  this 
reference. 

7.  Meggendorfer  (24),  1908.  A  case  of  myasthenia  in  a  male 
47  years  old,  regarded  by  the  author  as  somewhat  atypical.  The 
veins  of  the  right  side  of  the  thorax  and  neck  were  very  prominent', 
apparently  because  of  the  thymic  enlargement.  The  leucocyte  count 
was  9,200,  of  which  39.5  per  cent,  were  polymorphonuclears  and  60 
per  cent,  lymphocytes.  Both  lobes  of  the  thyroid  were  enlarged, 
There  was  some  albumen  and  at  times  sugar  in  the  urine.  No 
myasthenic  reaction  was  present.  At  autopsy  a  firm  nodular  tumor 
mass  was  found  in  the  position  of  the  thymus.  The  aortic  arch  and 
its  primary  branches,  the  vena  cava,  and  the  left  vagus  nerve  were 
surrounded  by  tumor  tissue.  On  both  sides  the  tumor  was  firmly 
adherent  to  the  upper  anterior  parts  of  the  lungs.  Metastases  were 
found  in  the  visceral  pleura  of  the  right  lung  and  in  the  diaphrag- 
matic pleura  of  the  right  side.  The  cut  surface  was  mainly  firm 
with  a  few  soft  areas.  Microscopically  the  tumor  was  described 
as  a  large  round  cell  sarcoma  with  strongly  developed  fibrous  con- 
nective tissue.  No  Hassall's  corpuscles  were  found,  but  the  author 
noted  an  unmistakable  resemblance  to  thymic  tissue. 

It  is  unfortunate  that  the  microscopic  description  of  this  case  is 
so  incomplete.  It  is  not  clear  in  what  respect  the  tumor  tissue  re- 
sembles thymic  tissue  or  how  it  differs  histologically  from  the  benign 
thymic  tumors.  There  is  a  possibility  that  the  tumor  was  primary 
in  the  lymph  nodes,  though  this  is  improbable.  This  is  the  only 
case  in  the  literature  in  which  myasthenia  was  associated  with  a 
malignant  thymic  tumor.     It  is  also  the  only  case  of  myasthenia  in 


TUMORS  OF  THYMUS  IN  MYASTHENIA  GRAVIS  139 

which    the    thymic    tumor    was    large    enough    to    cause    pressure 
symptoms. 

8.  Klose  (25),  1912.  Male,  23  years  old.  A  sarcoma  the  size 
of  a  hen's  egg  was  found  in  the  thymus.  Metastases  were  found  in 
the  muscles  of  the  extremities  and  the  diaphragm.  (These  were 
evidently  only  the  lymphorrhages  which  are  usually  found  in  the 
muscles  in  myasthenia,  independently  of  thymic  tumors.)  The 
thymic  tumor  is  described  as  probably  extirpable.  Small  Hassall 
corpuscles  were  found  in  the  tumor.  The  description  given  of  the 
tumor  is  so  incomplete  that  no  exact  diagnosis  can  be  made.  It  is 
evidently,  however,  not  a  sarcoma,  since  the  author  mistook  the 
lymphorrhages  for  metastases.  Judging  from  its  size  and  shape  it 
is  presumably  the  same  type  of  tumor  found  in  my  case. 

9.  Claude,  Gery,  and  Porak  (26),  1914.  Male,  51  years  old. 
An  encapsulated  tumor  the  size  of  a  duck's  egg  was  found  in  the 
position  of  the  thymus.  The  external  surface  was  nodular  and  a 
cyst  the  size  of  a  hazelnut  was  found  at  the  lower  pole.  On  the  cut 
surface  the  tumor  was  divided  into  lobules  by  connective  tissue 
septa.  Microscopically,  there  were  numerous  tubular  structures 
lined  by  epithelium  or  endothelium.  The  cellular  tissue  between 
these  structures  in  some  places  was  arranged  to  form  concentric 
bodies  suggesting  Hassall's  corpuscles.  The  tissue  was  interpreted 
as  epithelium  with  a  sinusoidal  circulation.  The  authors  designated 
the  tumor  as  an  epithelioma.     No  lymphoid  cells  are  mentioned. 

This  is  presumably  a  benign  thymoma  composed  almost  entirely 
of  epithelium.  The  significance  of  the  tubular  structures  is  not 
clear. 

10.  Hart  (12),  An  acute  case  of  myasthenia  in  a  recruit  (age 
not  given).  The  thymic  tumor  measured  5  cm.  in  length,  4  cm.  in 
width,  and  4  cm.  in  thickness.  Externally  it  was  nodular  and  firm. 
Dense  fibrous  septa  penetrated  the  tumor,  appearing  as  an  irregular 
network  on  the  cut  surface.  Between  the  septa  the  tissue  was  soft 
and  grayish-red  in  color;  in  some  parts  hemorrhagic  areas  were 
present.  Some  atrophic  thymic  tissue  was  found  around  the  upper 
pole  of  the  tumor.  In  the  tumor  lymphocytes  were  intermingled 
with  large  epithelioid  cells,  the  latter  predominating.  Hart  regarded 
his  case  as  a  special  form  of  hyperplasia  of  the  thymus,  and  not  as 
a  true  neoplasm.     This  tumor  is  very  similar  to  my  case. 

Of  the  eleven  thymic  tumors  found  in  myasthenics  at  autopsy, 
five  correspond  very  closely  in  gross  and  microscopic  structure,  viz., 
the  cases  of  Laquer  and  Weigert,  Oppenheim,  Hun,  Hart,  and  my 
own  case.     The  tumors  reported  by  Mandlebaum  and  Celler  and  by 
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Claude  may  be  interpreted  as  benign  tumors  composed  mainly  of 
thymic  epithelium  and  differing  from  the  five  cases  just  mentioned 
in  that  the  lymphoid  cells  have  infiltrated  or  developed  only  to  a 
slight  extent. 

The  earlier  thymic  tumor  mentioned  by  Weigert,  Wiener's  case, 
and  Klose's  case  are  all  too  meagerly  described  for  accurate  classi- 
fication, but  the  sizes  and  shapes  of  these  tumors  suggest  that  they 
belong  to  this  group  of  benign  epithelial  growths  of  the  thymus. 

The  thymic  tumors  occurring  in  myasthenia  form  a  distinct 
group.  They  are  all  comparatively  small  benign  growths,  composed 
of  young  thymic  tissue.  Many  are  hemorrhagic.  This  type  of  tu- 
mor seems  to  occur  only  in  myasthenia'. 

Meggendorfer's  tumor  is  an  exceptional  case.  It  is  the  only  ma- 
lignant thymic  tumor  ever  found  in  association  with  myasthenia; 
although  a  great  many  malignant  thymic  tumors  of  this  type  have 
been  reported  independent  of  this  disease.  It  may  be  a  coincidence 
such  as  Goldflam's  (27)  case  of  myasthenia  with  a  mahgnant  tumor 
of  the  lungs.  Over  sixty  malignant  tumors  of  the  thymus  have 
been  reported  and  only  one  of  these  occurred  in  connection  with 
myasthenia.  It  is  therefore  difficult  to  believe  that  the  two  condi- 
tions have  any  causal  connection. 

Tumors  of  the  Thymus  Not  Associated  tvith  Myasthenia. — A 
large  number  of  thymic  tumors  are  recorded  in  the  literature.  Hoff- 
mann (28),  in  1896,  collected  thirty-five  cases;  and  Rubaschow 
(29),  191 1,  added  thirty-six  more.  It  has  been  pointed  out  by 
Hoffmann  and  others  that  it  is  frequently  impossible  to  determine 
the  exact  origin  of  a  mediastinal  tumor,  and  that  many  tumors  are 
attributed  to  the  thymus  that  may  or  may  not  have  originated  there. 
Statistics  on  thymic  tumors  are  therefore  to  be  used  with  some  res- 
ervations. I  have  studied  the  reports  of  seventy-three  thymic  tu- 
mors, not  including  those  occurring  in  myasthenia.  Thymic  en- 
largements in  leukemia  are  not  considered  here  because  these  are 
presumably  merely  infiltrations  and  not  true  neoplasms. 

The  seventy-three  cases  were  grouped  by  the  several  authors  as 
follows :  27  lymphosarcoma,  3  round  cell  sarcoma,  2  fibrosarcoma, 
19  other  varieties  of  sarcoma  or  sarcoma  without  special  designa- 
tions, 10  carcinoma,  6  thymoma,  i  fibroma,  5  miscellaneous.  Carci- 
noma and  sarcoma  are  not  sharply  distinguished.  The  small  cell 
carcinoma  of  Rubaschow  and  Eisenstadt  (30)  would  probably  be 
classified  as  sarcoma  by  the  majority  of  authors.  Thymoma  is 
apparently  used  synonymously  with  lymphosarcoma. 

The  prevailing  type  of  malignant  thymic  tumor,  usually  called  a 
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sarcoma,  consists  of  large  cells  of  round  or  irregular  shape,  some- 
times arranged  in  masses  suggesting  epithelium.  A  stroma  is  often 
mentioned  but  seldom  carefully  described.  It  does  not  seem  justi- 
fiable to  assume  that  tiimor  tissues  of  this  t>-pe  are  of  connective 
tissue  origin.  We  know  that  malignant  neuroblastomata  often  as- 
sume this  appearance,  and  it  is  not  uncommon  to  find  the  rapidly 
growing  parts  of  malignant  epithelial  tumors  of  the  kidney  com- 
posed of  loosely  arranged  rounded  cells.  It  is  easily  possible  that 
tumors  arising  from  the  thymic  epithelium  may  take  chi  this  "  sarcom- 
atous "  appearance  when  growing  rapidly.  Ewing  (31)  is  of  the 
opinion  that  thymic  sarcomata  develop  from  the  reticulum,  and  his 
three  cases  make  a  strong  argument  in  support  of  this  interpretation. 
Ewing's  Case  III  is  especially  valuable  in  showing  a  transition  be- 
tween the  benign  tumors,  such  as  occur  in  myasthenia,  and  the  very 
malignant  tumors.  The  epithelial  reticulum  is  very  prominent  and 
compact  in  the  benign  tumors;  but  as  the  rate  of  growth  increases 
it  becomes  more  and  more  drawn  out  and  large  cells  separate  from 
it  until  the  free  cells  become  more  prominent  than  the  reticulum. 
Lymphocytes  seem  to  be  less  numerous  in  the  more  malignant 
growths. 

The  type  cell  in  these  tumors  is  probably  a  thymic  epithelial  cell. 
The  term  sarcoma  will  lose  all  its  original  significance  if  applied  to 
tumors  of  this  character,  and  it  seems  equally  inappropriate  to  call 
them  carcinoma.  The  term  thymoma,  suggested  by  Grandhomme 
(32),  and  employed  by  Thiroloix  et  Debre  (33),  Simmonds  (34), 
and  Ewing  seems  most  suitable.  A  thymoma  may  now  be  defined 
as  a  tumor,  benign  or  malignant,  probably  derived  from  the  thymic 
epithelium,  and  usually  identifiable  by  the  epithelial  reticulum  and 
lymphocytes.  Hassall's  corpuscles  are  sometimes  present.  Thy- 
moma as  thus  defined  would  include  practically  all  the  tumors  classed 
as  lymphosarcomata  by  various  authors,  the  benign  tumors  occur- 
ring in  myasthenia,  and  some  cases  described  as  small  cell  carcino- 
mata.  It  would  not  include  tumors  in  which  the  type  cell  is  evi- 
dently not  from  the  thymic  epithelium,  such  as  Lange's  (35)  fibroma 
and  Schneider's  (36)  fibrosarcoma. 

It  was  mentioned  above  that  Hart  does  not  regard  the  thymic 
growths  found  in  myasthenia  as  true  tumors,  but  as  a  special  form 
of  hyperplasia  of  the  organ.  The  fact  that  there  is  a  uniform  hyper- 
plasia of  the  entire  thymus  in  many  cases  of  myasthenia  gives  sup- 
port to  Hart's  interpretation.  It  is  indeed  probable  that  the  thymic 
tumors  and  the  diffuse  thymic  hyperplasias  in  myasthenia  are  due 
to  the  same  underlying  cause ;  but,  since  we  do  not  know  the  cause 
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either  of  myasthenia  or  true  tumors,  there  can  hardly  be  any  objec- 
tion to  classifying  a  well-defined  encapsulated  growth,  such  as  I 
have  described,  as  a  true  neoplasm. 

Lymphorrhages  have  been  found  in  the  muscles  and  internal 
organs  in  a  large  per  cent,  of  recent  autopsies!  No  satisfactory 
interpretation  of  these  lesions  has  been  given.  Their  occurrence  is 
not  dependent  upon  the  condition  of  the  thymus.  They  were  very 
numerous  in  the  liver  in  my  case,  and  a  few  were  found  in  the 
adrenal.  Several  pieces  of  the  neck  muscles  were  examined  but  no 
lymphorrhages  were  found.  Unfortunately,  other  muscles  were  not 
preserved. 

Thymic  lesions  cannot  be  regarded  as  the  cause  of  myasthenia, 
since  they  are  present  in  only  about  half  the  cases.  Probably  the 
abnormal  thymus  is  due  to  some  more  fundamental  disorder  which 
is  also  responsible  for  the  muscle  weakness  and  other  features  of 
the  disease.  The  hyperplastic  thymus  of  Graves'  disease  is  usually 
interpreted  in  this  way. 

Summary 

A  benign  thymic  tumor  from  a  typical  case  of  myasthenia  gravis 
is  described. 

The  tumor  is  composed  of  thymic  tissue  of  a  fetal  type,  i.  e.,  a 
dense  epithelial  reticulum  with  lymphocytes.  The  usual  thymic 
rests  were  found  in  the  adipose  tissue  around  the  growth. 

The  thymic  tumors  occurring  in  myasthenia  gravis  seem  to  form 
a  distinct  group  unlike  any  other  thymic  tumors.  They  may  be 
classified  as  benign  thymoma. 

Some  abnormality  of*  the  thymus  is  found  in  nearly  half  the  cases 
of  myasthenia  gravis. 
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It  is  known  that  some  persons  develop  symptoms  of  anaphylactic 
character  after  eating  certain  foods,  of  which  shellfish,  egg-white,  and 
certain  fruits  are  familiar  examples.  It  is  believed  by  many  that 
asthma,  urticaria  and  hay-fever  have  their  origin  largely  in  a  con- 
dition of  hypersensitiveness  to  special  foreign  proteins.  The  symp- 
toms produced  when  a  foreign  protein  is  introduced  into  a  sensitized 
animal  are  usually  referred  to  a  hypothetical  substance — "anaphyla- 
toxin" — formed  by  the  action  of  antibody  on  antigen.  There  are 
reports  in  the  literature  to  the  effect  that  anatomic  changes  in  the 
tissues  occur  in  acute  anaphylaxis,  and  Longcope^  has  advanced  the 
theory  that  repeated  anaphylactic  shock  may  be  responsible  for  such 
chronic  diseases  as  nephritis.  By  a  series  of  animal  experiments  Long- 
cope  believes  that  he  has  shown  that  repeated  nonfatal  poisoning  with 
foreign  protein  is  responsible  for  some  cases  of  chronic  nephritis, 
cirrhosis  of  the  liver,  and  chronic  myocarditis.  Our  interest  in  the 
etiology  of  chronic  nephritis  led  us  to  repeat  some  of  his  experiments. 

ANATOMIC     CHANGES     IN     ACUTE     ANAPHYLAXIS 

Gay  and  Southard-  described  hemorrhages  and  areas  of  fatty 
degeneration  in  guinea-pigs  that  died  in  acute  anaphylactic  shock  and 
in  those  killed  subsequent  to  severe  shock.  The  hemorrhages  were 
widely  distributed,  but  were  most  commonly  found  in  the  mucosa  of 
the  stomach  and  in  the  lungs.  Areas  of  fatty  degeneration  were  found 
in  capillar}'  endothelium,  in  the  mucosa  of  the  stomach,  and  in  the 
cardiac  and  voluntary  muscle.  The  hemorrhages  were  interpreted  as 
the  result  of  the  degeneration  of  the  capillary  endothelium.  But 
Anderson  and  Rosenau'  in  repeating  this  work  could  find  no  evidence 

Received  for  publication   Feb.   2,   1918. 

*  Jour.  Exper.  Med..  1913,  18.  p.  678;  191S.  22.  p.  793;  Trans.  Assn.  Am.  Phys..  1914, 
29,  p.  49. 

*  Jour.   Med.   Research.   1907.   16.   p.    143;    1908.   18,  p.    17. 
»  Jour.    Med.    Research,    1908.    19.   p.    57. 


4  E.  T.  Bell  and  T.  B.  Hartzell 

of  fatty  degeneration.  They  did  not  find  the  hemorrhages  so  con- 
stantly and  seem  inclined  to  interpret  them,  when  present,  as  due  to 
the  violent  struggling  of  the  animal  during  shock  rather  than  to  the 
action  of  the  protein. 

It  is  known  also  that  fatty  degeneration  does  not  occur  suddenly. 
Usually  several  days  are  required  for  a  cell  to  become  definitely  fatty, 
and  very  little  fat  accumulates  earlier  than  48  hours  after  the  injury. 
It  is  inconceivable  that  this  change  could  occur  within  a  few  minutes 
or  even  within  a  few  hours.  Again  the  normal  variations  in  the  fat 
content  of  voluntary  muscle  fibers  are  so  great  that  one  can  seldom 
speak  with  assurance  of  a  fatty  degeneration  in  this  tissue.  These 
considerations  lend  strong  support  to  the  negative  findings  of  Anderson 
and  Rosenau.  ^ 

The  Arthus*  phenomenon  seems  to  lend  experimental  support  to 
the  view  that  foreign  protein  may  produce  local  anatomic  changes 
when  introduced  into  a  sensitive  animal. 

Longcope^  studied  the  eflFects  of  repeated  injections  of  foreign 
protein  in  guinea-pigs,  rabbits,  dogs  and  cats.  Small  sensitizing  doses 
of  horse  serum  or  egg-white  were  given  20-25  days  before  the  second- 
ary injections  were  begun.  The  secondary  injections  were  spaced  and 
regulated  with  the  object  of  producing  shock  a  number  of  times.  Some 
of  the  experiments  lasted  as  long  as  3  months,  during  which  time  as 
many  as  15  injections  were  given.  Not  all  injections  resulted  in 
anaphylactic  symptoms  and  many  of  the  reactions  were  recorded  as 
slight. 

Changes  were  found  in  the  kidneys  in  23  of  29  rabbits,  and  in  a 
large  proportion  of  the  other  animals  experimented  on.  In  the  animals 
that  died  acutely,  diffuse  degenerative  changes  were  found.  In  those 
that  lived  longer,  extensive  round  cell  infiltration  was  the  most 
striking  change.  Dense  fibrous  rays  with  atro'phic  tubules  were  found 
in  6  rabbits.  Six  rabbits  showed  normal  kidneys  at  necropsy.  Portal 
cirrhosis  of  the  liver  and  areas  of  chronic  myocarditis  were  also  found 
frequently. 

In  a  more  recent  paper  Longcope"  found  that  similar  though  less 
marked  renal  lesions  may  be  produced  by  a  single  large  injection  of 
foreign  protein,  or  by  several  injections  in  which  a  different  protein 
was  used  each  time.    .All  the  sensitized  animals  developed  nephritis, 

<  Arch,   internat.   de  Physiol.,   1908-9,   7,  p.   471. 
»  Jour.  Exper.   Med.,  1913,   18,  p.   678. 
»  Ibid.,    1915,   22,  p.   793. 
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but  of  those  that  received  a  single  large  injection,  or  several  different 
proteins,  only  one-third  developed  nephritis.  He  concluded  that 
foreign  protein  is  itself  toxic  and  may  produce  nephritis,  but  that 
previous  sensitization  increases  the  extent,  severity  and  constancy  of 
the  lesions. 

The  lesions  described  by  Longcope  correspond  in  all  respects  with 
those  of  ordinary  spontaneous  nephritis.  As  controls,  24  supposedly 
normal  rabbits  were  studied,  and  in  4  of  these  a  few  small  areas  of 
round  cell  infiltration  were  found  similar  to  those  occurring  in  the 
experimental  animals.  The  argument  that  the  lesions  were  produced 
by  the  foreign  protein  because  they  were  more  extensive  and  severe 
than  in  the  controls  has  no  value,  since  advanced  stages  of  spontaneous 
nephritis  are  of  common  occurrence.  The  controls  apparently  did  not 
have  the  same  opportunity  to  contract  an  infection,  since  there  is  no 
mention  of  their  having  been  kept  under  the  same  conditions  and  for 
the  same  length  of  time  as  the  experimental  animals.  It  is  also  to  be 
noted  that  some  of  the  animals  may  have  had  nephritis  at  the  outset 
of  the  experiment,  since  it  is  admitted  that  animals  with  a  faint  trace 
of  albumin  were  used.  Again,  there  was  no  control  at  all  for  the 
healed  stages  of  nephritis,  of  which  6  cases  are  mentioned  and 
attributed  to  the  action  of  the  protein,  since  these  do  not  cause 
albuminuria.  Xo  cultures  were  taken  from  the  kidneys  to  determine 
whether  the  nephritis  was  due  to  infective  or  to  chemical  irritants. 

Three  of  Longcope's  experiments  were  controlled  somewhat  better. 
Three  dogs  were  operated  on,  and  a  portion  of  one  kidney  from  each 
was  removed  for  examination  before  the  secondary  inoculations  were 
begun.  The  excised  portions  of  the  kidneys  were  found  normal,  but 
each  animal  developed  nephritis  after  a  number  of  injections  of  pro- 
tein subsequent  to  the  operation.  But  no  cultures  were  made  from 
these  kidneys,  and  a  renal  infection  was  therefore  not  excluded. 

The  uncertainty  of  the  results  of  Longcope's  work  is  indicated 
further  by  his  attributing  the  ordinary  cirrhosis  of  the  liver  of  rabbits 
to  the  action  of  the  protein.  This  is  an  unusually  common  lesion.  It 
occurs  in  fully  three-fourths  of  adult  rabbjts  and  is  probably  due  to 
bacterial  infection.  All  who  have  studied  rabbit  livers  extensively 
recognize  this  as  a  spontaneous  lesion. 

Longcope's  conclusions  were  confirmed  by  Boughton^  to  the  extent 
that  repeated  injections  of  foreign  protein  may  produce  renal  lesions. 

^  Jour.  Inununology,  1916,  1.  p.   lOS. 
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Boughton  produced  repeated  anaphylactic  shock  in  guinea-pigs,  using 
beef  serum  and  egg-white  as  antigens.  Some  of  the  animals  received 
as  many  as  19  secondary  injections,  and  the  average  number  of  injec- 
tions was  9.  The  average  duration  of  the  experiments  was  4  months, 
but  some  animals  were  under  experimentation  as  long  as  8  months. 
The  urine  was  not  examined  systematically.  Twenty-three  guinea- 
pigs  were  used.  Degeneration,  desquamation,  and  necrosis  of  the 
tubular  epithelium  was  the  most  striking  change  noted  and  was  seen 
in  all  cases.  Round  cell  infiltration  was  found  in  nearly  all  cases, 
though  it  was  never  vary  marked.  There  was  no  distinct  scar 
formation. 

Six  controls  were  given  injections  of  protein  so  spaced  as  to  avoid 
the  production  of  anaphylaxis.  Tubular  injury  was  much  less  marked 
than  in  the  sensitized  animals.  Areas  of  round  cell  infiltration  were 
also  seen,  but  these  were  only  one-tenth  to  one-fiifteenth  as  frequent 
as  in  the  sensitized  animals. 

All  injections  were  given  intra peritoneally  and  ranged  as  high  as 
10  c  c  (undiluted  serum,  or  50%  solution  of  egg-white).  The  kidney 
lesions  were  regarded  as  subacute  rather  than  chronic. 

Boughton  seems  to  conclude  that  foreign  protein  produces  some 
renal  injury  when  injected  without  the  production  of  anaphylactic 
shock,  and  rather  severe  injury  when  this  phenomenon  is  repeatedly 
produced.  The  tubular  injury  was  the  most  prominent  lesion,  and 
the  production  of  a  typical  chronic  nephritis  is  apparently  not  claimed. 
As  regards  the  interpretation  of  the  round  cell  infiltration,  the  sources 
of  error  are  the  same  as  in  Longcope's  experiments. 

EXPERIMENTS 

The  purpose  of  our  investigation  was  to  determine  whether 
chronic  nephritis  can  be  experimentally  produced  in  rabbits  by  a 
foreign  protein.  Repeated'  shock  was  produced  in  a  few  animals,  but 
in  most  of  the  experiments  no  attempt  was  made  to  produce  anaphy- 
laxis. 

Special  effort  has  been -made  to  eliminate  various  sources  of  error. 
All  rabbits  that  had  albuminuria  were  discarded.  In  order  to  eliminate 
the  occasional  inactive  cases  of  spontaneous  nephritis,  rabbits  with 
normal  urine  were  operated  on  with  aseptic  precautions  under  ether 
anesthesia  in  order  to  expose  and  examine  the  surface  of  the  left 
kidney.    All  except  early  cases  of  nephritis  may  be  recognized  by  the 
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presence  of  spots  and  pits  on  the  surface  of  the  kidney.  Both  kidneys 
are  nearly  always  involved  to  about  the  same  extent,  so  that  it  is 
not  necessary  to  examine  the  right  kidney.  About  one  week  after  the 
operation,  the  experiment  was  begun  in  case  the  wound  was  completely 
healed  and  the  urine  free  from  albumin.  Ascitic  fluid,  egg-albumin, 
and  sheep  serum  were  used.  Injections  were  made  intravenously 
except  as  otherwise  indicated. 

Ascitic  Fluid  with   Anaphylaxis 

Rabbit  25. — Weight  2,000  gm.  July  3:  Test  for  albumin  negative.  Left  kid- 
ney exposed  and  found  normal. 

July  12,  17,  24:  1  cc  sensitizing  injections  of  ascitic  fluid. 

Sept.  10 :  1  c  c,  moderate  anaphjlactic  symptoms. 

Sept.  21 :  0.5  c  c,  slight  symptoms. 

Oct.     5 :  0.25  c  c,  slight  sjmptoms. 

Oct.  15 :  0.5  c  c,  slight  sj'mptoms. 

Oct.  25 :  0.5  c  c,  moderate  symptoms. 

Nov.    5 :  0.5  c  c,  moderate  symptoms. 

Nov.  15 :  1  c  c,  severe  symptoms. 

Nov.  21 :  Found  dead. 

Tests  for  albumin  negative,  Sept.  10,  25,  Oct.  11.  Trace  of  albumin,  Nov.  7. 
Seven  secondary  injections  were  given  over  a  period  of  71  days.  At  necropsy 
the  kidneys  showed  no  gross  changes.  Microscopically  an  occasional  small 
focus  of  lymphocytes  was  found  deep  in  the  cortex. 

Rabbit  35. — Weight  1,885  gm.  Sept.  11 :  Test  for  albumin  negative.  Left 
kidney  exposed  and  found  normal. 

Oct.    5 :  0.25  c  c,  ascitic  fluid. 

Oct.  15 :  0.5  c  c,  slight  symptoms. 

Oct.  25 :  0.5  c  c,  moderate  sjmptoms. 

Nov.     5  :  1  c  c,  moderate  symptoms. 

Nov.  15:  1  c  c,  slight  symptoms. 

Nov.  26:  2  c  c,  slight  sjmptoms. 

Dec.    6 :  2.5  c  c,  moderate  symptoms. 

Dec.  17:  2.5  c  c,  slight  symptoms. 

Dec.  27 :  2.5  c  c,  slight  symptoms. 

Jan.  10:  Killed. 

Tests  for  albumin  negative,  Nov.  8;  positive,  Jan.  4  and  10.  On  Dec.  5,  the 
serum  from  this  rabbit  gave  a  strong  precipitin  test  with  human  blood  serum. 
Eight  secondary  injections  were  given  over  a  period  of  87  days.  At  necropsy 
the  kidneys  showed  no  gross  changes.  Microscopically  an  occasional  small 
lymphocytic  focus  was  found  in  the  cortex. 

Rabbit  33. — Weight  2,320  gm.  July  18 :  Test  for  albumin  negative.  Left 
kidney  exposed  and  found  normal. 

Sept.  10 :  0.5  c  c,  ascitic  fluid. 

Sept.  21 :  0.5  c  c,  severe  symptoms. 

Oct.     5 :  0.25  c  c,  slight  s3'mptoms.  • 

Oct.  15 :  0.25  c  c,  slight  symptoms. 

Oct.  25 :  0.5  c  c,  moderate  symptoms. 

Nov.    5 :  0.5  c  c,  moderate  symptoms. 
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Nov.  IS:  1  cc,  slight  symptoms. 

Nov.  26 :  2  c  c,  slight  symptoms. 

Dec.    6 :  2.5  c  c,  slight  symptoms. 

Dec.  17:  Found  dead. 

Tests  for  albumin  negative,  Sept.  10,  25,  Oct.  11,  Nov.  7.  On  Dec.  4  the 
serum  from  this  rabbit  gave  no  precipitate  with  human  blood  serum.  Eight 
secondary  injections  were  given  over  a  period  of  87  days.  The  kidneys  showed 
no  lesions  grossly  or  microscopically. 

Ascitic  Fluid  Without  Anaphylaxis 

Rabbit  32. — Weight  2,320  gm.    Oct.  2 :  Test  for  albumin  negative, 

Oct.  6:    Left  kidney  exposed  and  found  normal. 

One  c  c  ascitic  fluid,  Oct.  16,  23. 

Two  c  c,  Oct.  27,  Nov.  1,  6,  12,  17. 

Three  c  c,  Nov.  22. 

3.5  c  c,  Nov.  27,  Dec.  3,  8,  13,  18,  22,  26,  31.      • 

Tests  for  albumin  negative,  Oct.  13,  Nov.  9,  22,  Dec.  13 ;  positive,  Jan.  3. 

Killed,  Jan.  3.     16  injections  were  given  over  a  period  of  79  days. 

No  gross  changes  found  in  the  kidneys.  Microscopically  a  few  small 
lymphocytic  foci  found  in  the  cortex. 

Rabbit  54. — Weight  2,105  gm.    Jan.  28:  Test  for  albumin  negative. 

Jan.  31 :  Left  kidney  exposed  and  found  normal.  Injections  of  ascitic  fluid 
as  follows:  Feb.  11,  0.5  cc;  Feb.  19,  0.75  cc;  Feb.  23,  Ice;  Feb.  28,  0.75  c  c; 
Mar.  5,  0.75  c  c ;  Mar.  12,  1  c  c ;  Mar.  19,  1  c  c ;  Mar.  26,  1  c  c ;  Apr.  3,  1  c  c. 

Killed,  Apr.  8. 

Albumin  tests  negative  Feb.  14,  21,  Mar.  2,  26,  Apr.  5.  Nine  injections 
were  given  over  a  period  of  56  days.  No  gross  or  microscopic  lesions  found 
in  the  kidneys. 

Rabbit  65. — Weight  2,170  gm.  Dec.  6:  Albumin  test  negative.  Left  kidney 
exposed  and  found  normal.  Injections  of  ascitic  fluid  as  follows:  Dec.  22,  0.25 
cc;  Dec.  26,  0.5  cc;  Dec.  31,  0.5  cc;  Jan.  11,  0.75  cc;  Jan.  22,  1  cc;  Feb.  5, 
1.5  cc  (slight  shock)  ;  Feb.  11,  1.5  cc;  Feb.  19,  1.5  cc;  Feb.  23,  2  cc;  Feb.  28, 
Ice;  Mar.  5,  1  c  c ;  Mar.  12,  Ice. 

Killed  Mar.  18.  Twelve  injections  were  given  over  a  period  of  86  days. 
Albumin  tests  negative,  Dec.  14,  Jan.  3,  30,  Mar.  2.  No  gross  or  microscopic 
lesions  found  in  the  kidneys. 

Experiments   with    Egg-Albumin 

Rabbit  44. — ^Weight  2,250  gm.'   Jan.  3 :  Test  for  albumin  negative. 

Jan.  5 :  Left  kidney  exposed  and  found  normal. 

Injections  of  a  1%  solution  of  egg-albumin  as  follows:  Jan.  15,  025  cc; 
Jan.  22,  0.5  cc;  Jan.  26,  0.75  cc;  Jan.  30,  1  cc;  Feb.  5,  1.5  cc;  Feb.  11,  2  cc  of 
a  50%  solution  of  egg-white  intraperitoneally.     Death,  Feb.  11. 

Albumin  tests  negative,  Jan.  15,  25,  30.  At  necropsy  the  kidneys  were 
found  slightly  swollen  and  moist.  There  was  precipitated  albumin  in  the 
capsular  spaces  and  in  the  lumina  of  the  convoluted  tubules.  Whether  this 
albumin  was  excreted  egg-albumin  or  serum-albumin  was  not  determined. 
There  were  no  areas  of  lymphocytic  infiltration. 

Rabbit  50.— Weight  1,850  gm.  Feb.  28 :  Albumin  test  negative.  Left  kidney 
exposed  and  found  normal.     Intraperitoneal  injections  of  a  50%  solution  of 
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egg-albumin  as  follows  :  Mar.  14,  0.5  c  c ;  Mar.  19,  1  c  c ;  Mar.  26,  1  c  c ;  Apr.  3, 
Ice;  Apr.  8,  1  cc;  Apr.  11,  1  cc;  Apr.  16.  Ice.    Death,  Apr.  19. 

Albumin  tests  negative.  Mar.  19,  Apr.  5,  19.  Seven  injections  were  given 
during  a  period  of  36  days.  No  gross  or  microscopic  lesions  found  in  the 
kidneys. 

Rabbit  60. — Weight  1,560  gm.     Dec.  5 :  Test  for  albumin  negative. 

Dec.  6:  Left  kidney  exposed  and  found  normal. 

One  c  c  of  a  1%  solution  of  egg-albumin  was  injected  intravenously  on  the 
following  dates:  Dec.  20,  26,  31,  Jan.  11,  22,  and  Feb.  5.  One  cc  of  a  50% 
solution  of  egg-white  was  injected  intraperitoneally  on  Feb.  11,  19,  23,  25,  and 
Mar.  5.    Death,  Mar.  9. 

Albumin  tests  negative  Dec.  14,  Jan.  5,  15,  30,  and  Feb.  25.  Trace  of  albu- 
min, Jan.  25. 

No  gross  changes  found  in  the  kidneys.  Microscopically  an  occasional 
cast  was  observed,  but  there  were  no  areas  of  lymphocytic  infiltration. 

Experiments    with    Sheep   Serum 

Rabbit  38. — Weight  1,950  gm.  Dec.  3:  Albumin  test  negative.  Dec.  6: 
Left  kidney  exposed  and  found  normal.  Injections  of  sheep  serum,  diluted 
with  equal  volume  of  salt  solution,  as  follows:  Jan.  19,  0.5  cc;  Jan.  24,  0.75  cc; 
Jan.  29,  1  c  c ;  Feb.  5,  1.5  c  c.    Found  dead,  Feb.  6. 

Albumin  tests  negative,  Jan.  28,  Feb.  1.  The  kidneys  were  swollen  and 
cloudy.  Precipitated  albumin  was  found  in  the  lumens  of  some  of  the  con- 
voluted tubules.    There  were  no  areas  of  lymphocytic  infiltration. 

Rabbit  42. — Weight  1,750  gm.  Jan.  4:  Test  for  albumin  negative.  Jan.  15: 
Left  kidney  exposed  and  found  normal.  Jan.  19,  0.5  c  c  of  sheep  serum.  Jan. 
22,  found  dead.    Kidneys  were  cloudy.     No  microscopic  examination. 

Rabbit  53. — Weight  2,970  gm.  Feb.  7 :  Left  kidney  exposed  and  found  nor- 
mal. Feb.  14 :  Test  for  albumin  negative.  Injections  of  sheep  serum  as  fol- 
lows:  Feb.  19,  0.5  cc;  Feb.  2Z,  0.75  cc;  Feb.  28,  0.5  cc;  Mar.  5,  0.5  cc;  Mar, 
12,  0.5  cc;  Mar.  21,  1  cc;  Mar.  26,  1  cc;  Apr.  3,  Ice.    Apr.  4,  found  dead. 

Albumin  tests  negative.  Mar.  12,  21.  Kidneys  showed  no  gross  changes. 
Microscopically  precipitated  albumin  was  found  in  the  lumina  of  many  of  the 
tubules.    There  were  a  few  casts.     No  areas  of  lymphocytic  infiltration  seen. 

Rabbit  63. — Weight  1,860  gm.  Feb.  7:  Test  for  albumin  negative.  Left 
kidney  exposed  and  found  normal.  Injections  of  sheep  serum  as  follows : 
Feb.  19,  0.5  c  c ;  Feb.  23,  0.75  c  c ;  Feb.  28,  0.5  c  c ;  Mar.  5,  0.5  c  c ;  Mar.  12,  0.5 
c  c ;  Mar.  21,  1  c  c ;  Mar.  26,  1  c  c ;  Apr.  3,  1  c  c ;  Apr.  4,  found  dead. 

Albumin  tests  negative,  Feb.  14,  Mar.  21.  Trace  of  albumin,  Mar.  12.  Sev- 
eral small  pits  were  found  on  the  surfaces  of  each  kidney.  Microscopically 
there  were  small  areas  of  lymphocytic  infiltration  corresponding  to  the  surface 
pits. 

Rabbit  67. — Weight  1,960  gm.  Jan.  4:  Test  for  albumin  negative.  Jan.  5: 
Left  kidney  exposed  and  found  normal.  Injections  of  sheep  serum  as  follows: 
Jan.  19.  0.5  cc;  Jan.  24,  0.75  cc;  Feb.  5,  1  cc;  Feb.  19,  1  cc;  Feb.  23.  1.5  cc; 
Feb.  28,  Ice;  Mar.  5,  1  cc;  Mar.  12,  1  cc;  Mar.  21,  1  cc;  Mar.  26,  1  cc;  Apr.  3, 
Ice;  Apr.  11,  1  cc;  Apr.  16,  1  cc;  Apr.  18,  0.5  c  c.     Killed,  Apr.  30. 

Albumin  tests  negative,  Jan.  17,  28,  Feb.  25,  Mar.  14 ;  positive,  Apr.  4.  18. 
A  number  of  fairly  deep  pits  were  seen  on  the  surfaces  of  the  kidneys.  Micro- 
scopically rather  extensive  lymphocytic  infiltrations  were  found  underlying  the 
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pits.     The    lesions    correspond    with    those    of    a    well    advanced    spontaneous 
nephritis. 

Rabbit  113. — Weight  1,824  gm.  Miy  14:  Albumin  test  negative.  Left  kid- 
ney removed  and  found  normal  grossly  and  microscopically.  Injections  of  sheep 
serum  as  follows :  May  28,  0.5  c  c ;  June  4,  0.75  c  c ;  June  13,  2  c  c ;  June  27,  2 
cc;  June  29,  1  cc;  July  2,  2  c  c.  Killed,  July  11.  Loss  of  weight  during 
experiment,  474  gm.  Albumin  tests  positive,  June  27,  July  2,  10.  The  right 
kidney  was  covered  with  pits.  Rather  large  areas  of  lymphocytic  infiltration 
were  found  deep  in  the  cortex  underlying  the  pits,  the  appearances  being  those 
of  a  spontaneous  nephritis.  Cultures  from  the  kdney  in  dextrose  broth  gave  a 
pure  growth  of  a  streptococcus. 

Rabbit  103. — Weight  1,250  gm.  May  2:  No  albumin.  Left  kidney  exposed 
and  found  normal.  Injections  of  sheep  serum  as  follows:  May  28,  0.5  cc; 
June  4,  0.75  cc;  June  6,  0.75  cc;  June  13,  2  cc;  June  27,  2  cc;  June  29,  1  c  c; 
July  2,  2  c  c.  Killed,  July  6.  No  loss  of  weight.  Albumin  tests  positive, 
June  27,  July  3.  The  kidneys  showed  many  fairly  deep  pits.  Microscopically 
there  were  rather  large  areas  of  lymphocytic  infiltration.  The  appearances  were 
those  of  a  spontaneous  nephritis.  Cultures  from  the  kidneys  taken  immedi- 
ately after  death  gave  a  pure  growth  of  a  streptococcus. 

DISCUSSION 

These  experiments  indicate  that  ascitic  fluid  does  not  injure  the 
kidney  of  a  rabbit  when  injected  intravenously  in  moderate  amounts. 
The  occasional  small  foci  of  lymphocytes  found  at  necropsy  in  the 
injected  animals  can  hardly  be  attributed  to  the  proteins,  since  such 
lesions  are  commonly  found  in  nonexperimental  animals  and  were  not 
excluded  by  the  preliminary  examination.  Lesions  of  this  size  produce 
no  changes  on  the  kidney  surface  and  seldom  cause  albuminuria. 

The  production  of  anaphylactic  symptoms  repeatedly  did  not  cause 
nephritis.  The  symptoms  were  usually  rather  mild,  but  it  is  not  pos- 
sible to  produce  severe  shock  repeatedly.  The  animals  either  die  or 
become  refractory.  The  ^symptoms  were  apparently  nearly  as  pro- 
nounced as  in  the  experiments  of  Longcope  and  Boughton. 

Egg-albumin  in  large  doses  seemed  to  cause  a  mild  parenchymal 
injury  of  the  kidney  occasionally,  but  no  chronic  changes  of  any  kind 
were  produced.    This  protein  seems  to  be  only  mildly  toxic  for  rabbits. 

Sheep  serum,  however,  is  evidently  toxic  for  rabbits,  especially  in 
relatively  large  doses.  Several  animals  died  shortly  after  a  single 
injection.  It  produces  a  tubular  injury  to  the  kidney,  but  this  is  not 
severe  enough  to  cause  the  death  of  the  animal.  There  is  no  evidence 
of  special  glomerular  injury.  Degenerative  changes  only  were  observed 
in  the  first  three  experiments ;  but  during  the  summer  inflammatory 
renal  lesions  were  found  in  4  rabbits.     This  is  evidently  the  same 
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lesion  which  Longcope  obtained.  It  undoubtedly  developed  during 
the  course  of  the  experiments,  since  it  was  not  present  at  the  beginning. 
It  is  similar  in  all  respects  to  ordinary  spontaneous  nephritis.  Like 
the  spontaneous  disease  it  would  seem  to  be  due  to  a  bacterial  infec- 
tion, since  pure  cultures  of  streptococci  were  obtained  from  the  kidneys 
of  rabbits  113  and  103. 

Our  interpretation  of  these  apparently  positive  results  with  sheep 
serum  is,  therefore,  that  the  animals  acquired  an  infection  during  the 
course  of  the  experiments.  This  infection  may  have  been  contracted 
from  other  rabbits  in  the  animal  house,  or  it  may  have  been  introduced 
by  the  intravenous  injections,  as  these  were  not  made  with  complete 
aseptic  precautions.  In  either  case  it  is  probable  that  the  injury  of 
the  kidney  by  the  sheep  serum  favored  the  development  of  the  infec- 
tion.   The  injured  kidney  may  have  been  a  locus  minoris  resistentiae. 

If  this  interpretation  be  correct  it  may  be  said  that  injections  of 
sheep  serum  cause  nephritis  in  rabbits  by  injuring  the  kidney  and 
giving  opportunity  for  the  lodgment  and  growth  of  bacteria  which 
may  gain  access  to  the  circulation ;  but  this  is  not  a  nephritis  due 
directly  to  the  action  of  anaphylatoxin  or  foreign  protein.  It  is  con- 
ceivable that  toxic  foreign  protein  might  have  a  similar  effect  in  man, 
but  it  is  unlikely  that  such  proteins  ever  gain  access  to  the  circulation 
in  such  relatively  large  amounts  as  are  used  experimentally  in  animals. 
And  finally,  if  we  grant  the  possibility  that  toxic  foreign  protein  may 
enter  the  circulation  and  injure  the  kidney,  we  would  expect  the 
development  of  lesions  similar  to  those  found  in  the  rabbit.  But  the 
only  human  renal  lesions  comparable  to  spontaneous  nephritis  of  the 
rabbit  are  the  hematogenous  infections,  namely,  abscess  of  the  kidney, 
descending  pyelonephritis,  and  acute  interstitial  nephritis.  Aside  from 
the  arteriosclerotic  kidney,  nearly  all  cases  of  chronic  nephritis  in  man 
are  examples  of  chronic  glomerulo  nephritis  which  has  no  anatomic 
resemblance  whatever  to  spontaneous  nephritis  in  the  rabbit.  It  is 
therefore  clear  that  the  experimental  production  of  such  a  lesion  as 
spontaneous  nephritis  does  not  throw  any  light  on  the  etiology  of 
chronic  nephritis  in  man. 

It  is  not  improbable  that  the  various  experimenters,  who  believe 
they  have  produced  a  chronic  nephritis  experimentally  with  uranium, 
potassium  chromate,  foreign  protein,  streptococci,  etc.,  have  been 
dealing  with  a  spontaneous  nephritis  which  was  contracted  during  the 
experiment  and  hastened  in  its  development  by  renal  irritants.     But 


12  E.  T.  Bell  and  T.  B.  HartzeLl 

even  if  all  these  claims  were  true  we  still  have  made  little  progress  in 
determining  the  etiology  of  chronic  nephritis  in  man. 

As  regards  the  etiology  of  human  chronic  nephritis  we  share  the 
view,  now  widely  held,  that  streptococci  are  the  main  causative  agents, 
and  that  they  first  produce  acute  glomerular  lesions  which  in  many 
instances  heal,  but  in  others  pass  into  a  chronic  stage.  The  continuous 
escape  of  streptococci  from  a  focal  infection  or  through  a  diseased 
mucous  membrane  would  theoretically  favor  the  development  of 
chronic  glomerular  lesions.  But  thus  far  no  one  has  been  able  to 
furnish  experimental  proof  to  support  this  theory. 

SUMMARY 

Nontoxic  foreign  proteins,  such  as  ascitic  fluid,  do  not  produce 
renal  injury  of  any  kind  in  the  rabbit  when  injected  intravenously  in 
moderate  amounts.  The  repeated  production  of  anaphylactic  symp- 
toms with  this  protein  likewise  does  not  injure  the  kidney. 

Egg-albumin  may  produce  slight  parenchymal  injury  when  injected 
in  large  amounts,  but  usually  it  causes  no  damage. 

Toxic  foreign  proteins  such  as  sheep  serum  produce  considerable 
parenchymal  injury  to  the  kidney  which  in  some  instances  seems  to 
lead  to  the  rapid  development  of  a  renal  infection  comparable  in  all 
anatomic  respects  to  the  ordinary  type  of  spontaneous  nephritis.  The 
fact  that  streptococci  were  isolated  in  pure  culture  from  the  kidneys 
of  such  animals  shows  that  the  lesion  is  essentially  infective,  and  not 
the  direct  result  of  foreign  protein  or  anaphylatoxin. 

No  lesion  comparable  to  human  chronic  glomerulo-nephritis  has 
been  produced  experimentally. 

There  is  no  experimental  evidence  that  foreign  protein  is  in  any 
way  responsible  for  chronic  nephritis  in  man. 
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SPONTANEOUS  NEPHRITIS  IN  RABBITS  AND  ITS  RELA- 
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From    the    Department    of    Pathology,    University    of    Minnesota,    and    the    National    Dental 

Research  Association 

It  is  well  known  that  spontaneous^  nephritis  is  often  found  in 
rabbits,  and  there  are  frequent  estimates  in  the  literature  as  to  its 
frequency.  There  is,  however,  not  much  detail  published  as  to  the 
finer  structure  and  pathogenesis  of  this  lesion,  and  it  is  still  a  serious 
source  of  error  for  those  engaged  in  the  study  of  experimental 
nephritis.  It  is  noteworthy  that  no  investigator  who  claims  to  have 
produced  a  chronic  nephritis  experimentally  has  been  able  to  draw  a 
sharp  distinction  between  the  spontaneous  lesions  and  those  supposedly 
produced  by  the  experimental  procedure.  This  fact  is  usually  admitted, 
though  sometimes  ignored,  and  the  argument  is  made  that  a  lesion 
occurring  much  oftener  in  the  experimental  than  in  the  control  animals 
is  due  to  the  experimental  procedure.  It  is  not  generally  recognized 
that  nephritis  in  animals  (especially  the  rabbit)  is  entirely  different  in 
its  pathogenesis  from  human  chronic  nephritis,  and  that  therefore  the 
successful  experimental  production  of  lesions  of  this  character  does 
not  necessarily  illuminate  the  problems  of  the  etiology  of  human 
chronic  nephritis.  We  have,  therefore,  thought  it  worth  while  to  give 
a  brief  account  of  the  etiology  and  pathogenesis  of  spontaneous 
nephritis  and  to  call  attention  to  its  relations  to  the  problems  of  human 
nephritis  and  experimental  nephritis. 

FREQUENCY 

Smith^  found  some  renal  lesion  in  11  of  50  rabbits.  Ophiils,'  in  a 
study  of  the  kidneys  of  50  rabbits,  found  28  entirely  normal,  9  with 
slight  parenchymatous  lesions,  3.  with  a  few  small  areas  of  cellular 
infiltration,  and  10  with  "scattered  small  areas  in  which  were  marked 
interstitial  lesions  with  formation  of  small  depressions  on  the  surface." 

Received  for  publication  Feb.   18,   1919. 

>  "Naturally   acquired,"   suggested    by    MacNider,   is  a   more   accurate   term   than    "spon- 
taneous," but  the  latter  seems   to   be   in   general   use. 
»  Arch.    Int.    Med.,   1911,   8,   p.    468. 
»  Proc.   Soc.   Exper.   Biol,   and   Med.,    1911,   8,  p.    75. 
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Ghoreyeb*  mentions  a  spontaneous  lesion  in  9  rabbits  in  an  article  in 
which  48  rabbits  are  recorded  by  number.  Longcope^  found  lesions 
in  the  kidneys  of  8  of  24  supposedly  normal  rabbits.  Major^  found 
that  of  "52  rabbits  dead  of  natural  causes,  none  had  the  extensive 
scarring  of  the  cortex"  such  as  was  found  in  his  experimental  animals. 
Apparently  Major  was  writing  only  of  severe  lesions. 

In  our  own  experience,  which  includes  the  study  of  over  200  rabbits 
over  a  period  of  two  years,  the  percentage  with  spontaneous  nephritis 
varied  greatly  from  month  to  month.  Sometimes  nearly  all  were 
found  normal,  but  usually  from  10-20%  were  diseased.  There  were 
two  periods  during  the  past  two  years,  each  lasting  about  1  month, 
when  over  80%  of  the  rabbits  examined  had  nephritis.  The  disease 
apparently  assumes  an  endemic  form  at  times.  The  animals  used  were 
purchased  in  large  groups  from  different  dealers,  and  it  was  noted 
that  the  disease  was  much  more  prevalent  in  some  groups  than  in 
others  when  they  were  first  put  into  the  animal  house.  Many  rabbits 
developed  nephritis  after  they  came  into  our  possession. 

In  view  of  the  great  variations  we  have  noted,  it  seems  unsafe  to 
conclude,  as  Longcope  and  others  have  done,  that  a  given  lesion  is 
due  to  the  experimental  procedure  merely  because  it  occurs  oftener 
in  the  experimental  than  in  the  control  animals.  The  source  of  the 
animals  used  as  controls  and  the  length  of  time  they  are  kept  in  the 
animal  house  are  very  important  factors. 

ETIOLOGY 

We  have  attempted  to  isolate  bacteria  in  eight  cases  of  spontaneous 
nephritis  by  removing  pieces  of  the  kidney  aseptically  immediately 
after  the  animal  had  been  killed,  or  from  the  living  animal  under  ethei 
anesthesia.  The  pieces  of  tissue  were  put  in  plain  broth  or  in  dextrose 
broth.  Signs  of  growth  first  appeared  in  the  medium  after  several 
days'  incubation.  Four  of  the  cases  gave  no  growth.  In  two  cases  we 
obtained  a  gram-positive  staphylococcus  in  pure  culture.  These  organ- 
isms when  first  isolated  were  very  virulent  — 1/4  c  c  of  a  broth  culture 
being  a  fatal  dose  for  a  rabbit.  The  third  subculture,  however,  was 
practically  avirulent. 

In  two  other  cases  pure  cultures  of  streptococci  were  obtain'ed. 
These  grew  feebly  and  did  not  cause  death  or  inff'tion  when  inocu- 

*  Jour.   Exper.   Med.,   1913,   18,  p.  29. 

'•  ibid.,    1913,   18  p.   678. 

«  Jour.    Med.    Research,    1917,    35.   p.    349. 
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lated  into  rabbits.  We  did  not  succeed  in  reproducing  nephritis  by 
injecting  normal  rabbits  with  the  organisms  obtained  from  any  of  the 
diseased  kidneys.  In  the  absence  of  this  evidence  the  organisms  iso- 
lated cannot  with  certainty  be  regarded  as  the  etiologic  agents ;  but  it 
seems  to  us  a  highly  probable  assumption.  They  can  hardly  be  due 
to  contamination  since  the  growth  did  not  appear  until  after  several 
days'  incubation,  the  organisms  were  in  pure  culture,  and  in  two 
instances  were  very  virulent.  It  is  known  to  us  that  streptococci  have 
often  been  obtained  from  the  tissues  of  rabbits,  but  these  have  usually 
been  from  animals  that  died  slowly  from  natural  or  experimental  dis- 
ease where  the  opportunity  for  agonal  invasion  was  present,  and  not 
from  animals  killed  and  cultured  directly.  Dr.  W.  P.  Larson  of  this 
laboratory  tells  us  that  he  has  repeatedly  found  the  normal  kidneys  of 
rabbits  sterile. 

PATHOLOGICAL    ANATOMY    AND    GENESIS 

For  the  sake  of  clearness  we  shall  discuss  this  topic  without  special 
reference  to  observations  recorded  in  the  literature.  In  the  earliest 
stages  small  foci  of  lymphocytes  are  found  usually  near  the  cortico- 
meduUary  junction  but  sometimes  elsewhere  in  the  cortex.  There  are 
only  a  few  of  these  lymphocytic  foci  in  mild  cases  —  many  sections 
of  the  kidney  may  be  entirely  normal.  But  in  severe  cases  these  areas 
are  numerous,  and  they  may  fuse  to  form  extensive  areas  of  infiltra- 
tion. The  lymphocytes  are  of  intermediate  size  and  lie  for  the  most 
part  closely  packed  between  the  tubules,  but  a  few  invade  the  epithelial 
cells  (Fig.  1).  At  this  early  stage  there  are  no  gross  changes  on  the 
surfaces  of  the  kidneys.  In  severe  cases  the  cut  surface  is  clouded. 
Albumin  is  present  in  the  urine  except  in  cases  where  the  foci  are  few 
and  small.  ' 

The  pressure  of  the  exudate  soon  causes  atrophy  and  disintegra- 
tion of  the  parts  of  the  tubules  involved  in  the  lymphocytic  foci,  and 
the  destruction  of  these  tubules  is  responsible  for  the  changes  that 
occur  subsequently.  The  first  gross  changes  noted  are  the  appearance 
of  a  reddish  or  purplish  spot  on  the  surface  of  the  kidney  overlying 
the  lymphocytic  focus.  Later  on  this  purplish  spot  gradually  sinks 
and  a  distinct  funnel-shaped  depression  develops  in  its  place.  In  the 
final  stages  the  pit  may  be  as  deep  as  the  thickness  of  the  cortex. 
When  the  surfaces  are  studded  with  such  deep  pits  the  kidney  assumes 
a  shrunken  scarred  appearance  (Fig.  2). 


6  E.  T.  Bell  and  T.  B.  Hartzell 

Microscopic  sections  through  the  purplish  surface  spot  before  the 
pit  has  developed  show  an  early  stage  of  atrophy  of  the  cortical 
tubules  belonging  to  the  tubules  destroyed  in  the  lymphocytic  foci. 
The  atrophic  tubules  are  smaller  and  more  darkly  stained  than  the 
normal,  and  their  lumens  are  small  or  completely  obliterated  (Fig. 
3).  As  the  atrophy  progresses  these  tubules  become  gradually  con- 
verted into  narrow  epithelial  cords,  and  in  the  final  stages  even  these 
have  disappeared  entirely.  Sections  through  pits  such  as  are  shown 
in  Fig.  2  show  complete  atrophy  of  the  tubules,  but  the  shrunken 
glomeruli  are  easily  identified  (Fig.  5). 

The  tubules  atrophy  from  the  lymphocytic  focus  to  the  tip  of 
the  medullary  pyramid  as  well  as  toward  the  surface  of  the  kidney. 
This  is  easily  seen  by  the  study  of  serial  sections  of  such  a  kidney 
as  is  shown  in  Fig.  2.  The  scar  is  readily  traced  from  the  surface 
pit  down  through  the  medulla  to  the  tip  of  the  pyramid.  In  the 
medulla  it  stands  out  very  prominently  as  a  band  of  tissue  from 
which  the  tubules  have  disappeared  (Fig.  4).  The  end-result  of  the 
lymphocytic  infiltration  at  the  cortico-medullary  junction  is  the  for- 
mation of  a  wedge-shaped  scar  with  its  apex  at  the  tip  cif  the  pyramid 
and  its  base  at  the  surface  of  the  kidney.  The  lymphocytes  usually 
occur  only  near  the  center  of  the  wedge.  That  this  is  the  shape  of  the 
lesion  can  be  determined  in  any  case  by  the  study  of  serial  sections. 

We  are  not  dealing  therefore  with  a  diffuse  interstitial  nephritis 
such  as  occurs  in  diphtheria  and  scarlet  fever,  but  with  discrete 
lymphocytic  foci  which  cause  atrophy  of  the  entire  tubule  system  by 
destroying  its  central  portions.  In  severe  cases  where  the  foci  fuse 
the  appearance  of  acute  interstitial  nephritis  is  simulated. 

The  gross  appearance  of  the  kidneys  in  the  late  stages  depends 
on  the  number  of  lymphocytic  foci  originally  present.  There  may 
be  only  2  or  3  pits,  or  the  pits  may  be  so  closely  set  that  the  kid- 
ney has  a  shrunken  contracted  appearance.  These  severe  extensive 
cases  have  given  rise  to  the  view  that  spontaneous  nephritis  in  the 
rabbit  is  comparable  to  the  contracted  kidney  of  man,  but  this  is  not 
a  correct  interpretation.  The  most  common  form  of  chronic  nephritis 
in  man  is  a  glomerulo-nephritis  in  which  the  primary  injury  is  to  the 
glomerulus,  and  the  atrophy  of  the  tubule  is  subsequent  to  the  destruc- 
tion of  this  structure.  In  the  human  arteriosclerotic  kidney  areas  of 
tissue,  of  small  or  large  size,  undergo  atrophy  because  of  sclerosis 
of  the  nutrient  artery.     In  spontaneous  nephritis  in  the  rabbit  neither 
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of  these  conditions  obtains,  but  the  atrophy  results  from  destruction 
of  a  part  of  the  tubule  by  an  inflammatory  exudate.  The  only  form 
of  human  nephritis  in  any  way  comparable  to  rabbit  nephritis  is  a 
form  of  focal  infection  in  the  kidney  characterized  by  abscesses  or 
diffuse  inflammatory  a^eas,  and  due  to  hematogenous  infection.  It  is 
often  referred  to  as  "excretory"  nephritis,  or  excretory  pyelonephritis 
when  the  infection  passes  on  into  the  pelvis  of  the  ureter. 

It  is  clear,  therefore,  that  the  successful  solution  of  the  problem  of 
spontaneous  nephritis  in  the  rabbit  will  not  necessarily  throw  any 
light  on  the  problems  of  human  nephritis.  As  far  as  we  have  observed 
spontaneous  nephritis  in  animals  other  than  the  rabbit  is  similar  to 
rabbit  nephritis,  but  we  have  not  studied  other  animals  extensively 
enough  to  warrant  a  general  statement.  Le  Count"  described  a  case 
of  chronic  glomerulo-nephritis  in  a  rabbit,  and  MacNider®  reported 
this  form  as  common  in  dogs.  The  important  problem  for  experi- 
mental pathology  in  this  connection  is  the  production  of  a  chronic 
glomerulo-nephritis. 

Spontaneous  nephritis  frequently  results  in  recovery.  This  is 
especially  true  in  cases  where  the  infection  is  not  very  extensive. 
Albumen  disappears  from  the  urine  and  the  functional  test  is  normal, 
but  the  pits  on  the  surface  persist.  There  is  no  attempt  at  regenera- 
tion of  the  scar  tissue.  In  many  cases,  however,  there  is  a  progres- 
sive destruction  of  renal  tissue.  Death  usually  results  from  toxemia 
and  intercurrent  diseases  rather  than   from  renal   insufficiency. 

URINARY     findings 

Albuminuria  is  usually  demonstrable  in  the  active  stages  of  the 
disease.  It  may  be  intermittently  present  in  mild  cases,  and  it  dis- 
appears entirely  after  healing.  This  last  point  is  of  considerable  impor- 
tance in  experimental  work.  We  have  found  deeply  pitted  and 
scarred  kidneys  at  operation  in  several  animals  which  had  normal 
urine  and  normal  phthalein  excretion  just  before  the  operation.  The 
presence  of  albumin  in  the  urine  does  not  necessarily  mean  that  the 
rabbit  has  nephritis  of  the  type  described  above.  Our  records  show 
seven  animals  with  albuminuria  in  which  necropsy  revealed  only  slight 
tubular  injury  in  the  kidney,  the  cause  of  which  could  not  be  clearly 
established.  It  is  well  known  that  albuminuria  may  be  produced  by 
a  large  variety  of  renal  irritants.     Casts  are  not  constantly  present. 

"<   Jour.  Infec.  Dis.,  1914,  15,  p.  389. 
•  Jour.  Med.  Research,  1916,  34,  p.  177. 


Exi'LANATION     OF     PlATE 

Fig.  1. — Photomicrograph.  Area  of  lymphocytic  infiltration  at  the  cortico- 
medullary  junction.  Some  tubules  are  already  destroyed.  This  is  the  earliest 
type  of  lesion  in  spontaneous  nephritis. 

Fig.  2. — Photograph.  Kidney  showing  numerous  deep  pits  due  to  atrophy 
of  cortical  areas.  The  atrophic  areas  were  produced  by  lymphocytic  infiltra- 
tions at  the  cortico-meduUary  junction. 

Fig.  3. — Early  stage  of  atrophy  of  convoluted  tubules  due  to  destruction 
of  their  corresponding  collecting  tubules  in  a  lymphocytic  focus  at  the  edge 
of  the  medulla.  (The  tubules  in  the  lower  left  hand  part  of  the  figure  are 
normal.) 

Fig.  4. — Scar  in  medulla.  This  was  traced  in  serial  sections  and  found  to 
connect  with  a  surface  pit  such  as  is  shown  in  Fig.  5. 

Fig.  5. — Cortical  pit  (scar)  showing  complete  disappearance  of  all  the 
tubules.    The  glomeruli  are  still  present.    This  is  a  healed  lesion. 
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RENAL     FUNCTION 

The  phenolsulphonephthalein  test  shows  no  change  except  in 
severe  cases.  The  lowest  2-hour  excretion  we  have  recorded  is  20%. 
When  the  phthalein  test  was  reduced  to  any  considerable  degree 
extensive  renal  involvement  was  always  present.  Healed  cases  gave 
a  high  excretion,  even  though  the  scarring  was  considerable. 

DEVELOPMENT     OF     NEPHRITIS     IN     CONTROL     ANIMALS 

We  have  records  of  two  rabbits  with  normal  urine  in  which 
exploratory  operation  showed  the  surfaces  of  the  kidneys  smooth. 
These  animals  were  kept  as  controls  for  some  other  experiments. 
About  three  months  after  the  exploratory  operation  they  were  found 
to  have  developed  a  typical  spontaneous  nephritis.  This  observation 
is  of  great  importance  in  interpreting  experimental  results.  It  is 
easily  possible  for  nephritis  to  develop  during  the  course  of  long 
experiments  independently  of  the  experimental  procedure. 

Another  type  of  lesion  occasionally  seen  has  been  described  by 
several  authors  (Le  Count/  Fig.  11,  p.  402).  It  consists  of  a  wedge- 
shaped  area  composed  of  dilated  tubules  with  flattened  epithelium. 
We  have  not  worked  out  the  genesis  of  this  lesion. 

ASSOCIATED     LESIONS 

In  all  cases  of  spontaneous  nephritis  there  was  an  associated 
lymphocytic  infiltration  of  the  portal  connective  tissue  of  the  liver. 
This  chronic  hepatitis  is  also  present  in  many  cases  in  which  the  kid- 
neys are  normal.  About  75%  of  the  livers  examined  by  us  (50  cases) 
showed  portal  infiltration  in  varying  degrees.  Organisms  may  usually 
be  cultivated  from  these  livers  but  they  do  not  always  correspond 
with  those  obtained  from  the  kidneys. 

We  did  not  make  an  extensive  routine  examination  of  the  heart 
muscles  in  our  nephritic  cases ;  but  in  three  rabbits  in  which  large 
numbers  of  sections  of  heart  muscles  were  examined  we  found  foci 
of  lymphocytes  similar  to  those  described  by  Longcope^  and  attributed 
by  him  to  the  action  of  foreign  protein.  It  is  probable  that  this  form 
of  myocardial  infection  is  frequently  associated  with  spontaneous 
nephritis. 

»  Jour.    Exper.    Med..    1915,   22,   p.    793. 


Spontaneous  Nephritis  in  Rabbits  11 

relation  of  spontaneous  to  experimental  nephritis 
There  has  been  no  confusion  of  spontaneous  with  experimental 
acute  nephritis  since  the  two  lesions  are  entirely  different;  but  the 
natural  disease  has  seldom  if  ever  been  sharply  differentiated  from 
chronic  lesions  supposedly  produced  by  experimentation.  As  indicated 
in  preceding  paragraphs  no  observer  has  offered  any  convincing 
evidence  that  the  lesion  supposedly  produced  differs  anatomically  from 
the  spontaneous  disease.  In  fact,  the  illustrations  accompanying 
many  articles  correspond  entirely  with  the  appearances  of  the  natural 
disease.  The  usual  argument  is  that  a  lesion  occurring  much  oftener 
in  experimental  than  in  control  animals  must  be  due  to  the  experi- 
mental procedure  (O'Hare;^''  Dickson  ;"  Christian,  Smith  and  Walker;^ 
Longcope^-).  But  other  explanations  of  these  results  are  possible. 
1.  A  spontaneous  nephritis  may  develop  during  the  course  of  experi- 
ments lasting  several  months.  The  control  animals  were  not  kept  in 
the  laboratory  for  the  same  length  of  time  under  the  same  conditions. 
Klotz^^  admits  this  as  a  possible  source  of  error  in  his  work.  2.  The 
use  of  renal  irritants  such  as  uranium  nitrate  may  favor  the  develop- 
ment of  an  infection  in  the  kidneys,  because  of  the  general  lowered 
resistance  caused  by  the  drug  or  because  injured  renal  tissue  is  more 
susceptible  than  normal.  The  investigators  who  used  uranium  did  not 
make  cultures  of  the  kidneys  to  see  if  bacteria  were  present.  We 
obtained  a  grow^th  of  bacteria  from  one  uranium  kidney. 

Observers  who  apparently  did  not  examine  the  urine  at  the  begin- 
ning of  each  experiment,  and  there  are  several  in  this  group,  are  open 
to  the  criticism  that  the  animals  may  have  had  nephritis  at  the  outset 
of  the  experiment. 

When  virulent  bacteria  were  injected  into  the  blood  stream,  as  in 
the  experiments  of  Le  Count,''  Klotz,"  and  Hartzell  and  Henrici^*  it  is 
easily  possible  that  they  are  entirely  responsible  for  the  resulting 
lesions.  One  would  expect  a  lesion  resembling  spontaneous  nephritis 
from  this  procedure.  The  acute  glomerular  lesions  obtained  with 
streptococci  suggest  a  relationship  between  these  organisms  and  human 
glomerulo-nephritis ;  but  the  other  lesions  which  various  experimenters 
have  attributed  to  injected  bacteria  bear  no  anatomic  resemblance 
to  the  human  disease. 

">  Arch.  Int.  Med.,  1913,  12,  p.  49. 

"  Ibid.,  1909,  3,  p.  373. 

"  Jour.  Exper.  Med.,  1913,  18,  p.  678. 

"  Trans.  Assn.  Am.  Phys.,  1914,  29,  p.  49. 

'*  Jour.  Am.  Med.  Assn.,  1915,  64,  p.  1055. 
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SUMMARY 

Spontaneous  nephritis  in  the  rabbit  is  a  subacute  or  chronic  infec- 
tious disease  characterized  in  the  early  stages  by  lymphocytic  infil- 
trations in  the  kidneys  usually  at  or  near  the  cortico-medullary  junction. 

The  parts  of  the  tubules  included  in  each  lymphocytic  focus  undergo 
atrophy,  and  subsequently  there  is  atrophy  of  the  tubule  systems  botn 
proximally  and  distally  to  the  lymphocytic  foci.  The  end-result  is 
the  formation  of  wedge-shaped  scars  with  their  apices  at  the  apex 
of  the  pyramid  and  their  bases  formed  by  pits  on  the  surface. 

In  our  experience  nephritis  is  much  more  common  in  some  groups 
of  rabbits  than  in  others.  The  sanitary  environment  seems  to  be 
important.  The  disease  is  especially  apt  to  develop  in  animals  kept 
in  the  laboratory  for  several  months. 

Albuminuria  is  present  in  the  active  stages  of  the  disease,  but  is 
absent  in  healed  cases.  Unlike  human  chronic  nephritis  many  cases 
recover. 

The  investigators  who  believe  they  have  produced  chronic  nephritis 
experimentally  have  not  had  controls  adequate  to  exclude  the  spon- 
taneous disease,  and  the  lesions  described  correspond  closely  with 
spontaneous  lesions. 

No  chronic  glomerulo-nephritis  has  been  produced  experimentally. 
There  is  no  anatomic  or  pathogenetic  relationship  between  spontaneous 
nephritis  in  the  rabbit  and  human  chronic  glomerulonephritis. 
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The  experiments  here  recorded  were  undertaken  with  the  idea  of 
gaining  some  information,  if  possible,  as  to  the  materials  which 
usually  serve  as  a  source  of  nitrogen  to  bacteria,  the  actual  form  in 
which  the  nitrogenous  substances  are  absorbed,  and  whether  all  simple 
dialyzable  protein  decomposition  products  are  of  equal  usefulness  in 
building  up  the  cell  substance. 

The  bulk  of  investigations  of  proteolysis  in  the  past  has  had  to  do 
with  the  identification  or  determination  of  end-products.  The  early 
researches  using  mixed  cultures  on  putrescible  materials,  although  not 
usually  controlled  as  to  the  exact  chemical  constituents  of  the  medium, 
or  the  strains  of  bacteria  employed,  showed  that  the  formation  of 
certain  substances  such  as  ammonia,  hydrogen  sulphid,  skatol,  and  so 
forth  is  characteristic  of  putrefaction  irrespective  of  the  precise  nature 
of  the  protein  or  the  particular  varieties  of  organisms  present.  Pro- 
ductive of  much  more  knowledge  of  actual  bacterial  metabolism  was 
the  long  list  of  researches  using  pure  cultures  and  mediums  of  known 
composition,  making  tests  to  determine  the  nature  of  the  compounds 
formed.  The  indol  test  is  the  best  known  and  most  useful  result  of 
the  investigations  carried  out  on  peptones  or  other  tryptophane- 
containing  medium. 

Herter  and  Broeck'  using  a  1%  preparation  of  casein  with  B.  proteus 
demonstrated  the  presence  of  primary  amins,  hydrogen  sulphid,  fatty  acids, 
aromatic  oxyacids,  indol,  and  indol  acetic  acid.  Nawiasky^  compared  the 
products  used  up  by  B.  proteus  on  a  medium  rich  in  peptone  with  those 
assimilated  by  Vibrio  Finkler,  B.  fecalis-alkaligenes,  and  B.  mesentericus,  and 
states  that  B.  proteus  attacks  albuminoses  much  more  actively  than  do  the 
others,  but  that  its  action  on  peptones  and  creatin  was  less  marked.  Rettger' 
planted  B.  putrificus  Bienstock,  B.  edematis  maligni,  B.  anthracis-symptomatici, 
B.  coli,  and  B.  lactis-aerogenes  on  special  egg-meat  medium  and  tested  for 
indol,  skatol,  phenol,  aromatic  oxyacids,  skatol-carbonic  acid,  tyrosin,  leucin, 
albumoses,  peptones,  tryptophane,  hydrogen  sulphid,  and  mercaptan,  his  con- 
Received  for  publication  April  11,   1919. 

>  Jour.  Biol.  Chem..  1911,  9.  p.  491. 
»  Arch.  f.  Hyg.,  1908,  64,  p.  33. 
»  Jour.   Biol.  Chem.,   1906,  2,  p.   71. 
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elusion  being  that  only  the  obligate  anaerobes  cause  true  putrefaction.  Later 
with  Newell*  he  tried  26  strains  of  B.  proteus  on  egg-meat  medium,  blood 
fibrin  suspended  in  broth,  and  Uschinsky's  medium  and  concluded  that,  while 
actively  proteolytic,  B.  proteus  does  not  form  those  end-products  characteristic 
of  putrefaction  in  the  narrow  sense  of  the  word.  Effront'  studied  B.  proteus, 
B.  sporogenes,  B.  mesentericus,  B.  butyricus,  B.  putrificus  Bienstock,  etc.,  in 
a  similar  manner  on  albuminoid  mediums.  Sasaki's"  researches  on  the  par- 
ticular substances  formed  from  glycyl-glycin,  glycyl  tyrosin,  cystin  and  tyrosin 
are  of  interest  and  value  as  pictures  of  a  certain  stage  of  protein  degradation, 
as  are  the  works  of  Brasch'  on  glutamic  acid,  serin,  and  tyrosin. 

While  investigations  like  those  mentioned  are  of  diagnostic  impor- 
tance, and  throw  much  light  on  the  types  of  chemical  activity  of  which 
a  given  bacterium  is  capable,  a  definite  idea  of  the  metabolism  of  an 
organism  cannot  be  obtained  from  purely  qualitative  data  or  from  a 
single  quantitative  determination  of  some  particular  product.  For 
such  purposes  a  series  of  quantitative  determinations  should  be  made 
on  a  favorable  medium,  under  conditions  of  vigorous  normal  growth. 
Many  factors  enter  into  the  nature  and  amount  of  decomposition 
products  formed:  first,  the  availability  of  the  nitrogenous  compounds 
present,  depending  on  whether  or  not  the  organism  in  question  is 
capable  of  elaborating  a  ferment  to  digest  them,  the  molecular  point 
of  attack  of  the  enzyme,  whether  intermediate  products  are  present, 
and,  if  so,  what  and  in  what  quantity,  what  proportion  of  the  split 
molecules  are  resynthesized  into  bacterial  protein  and  which  are  left 
in  the  medium,  and  whether  or  not  some  of  the  compounds  present 
are  assimilated  in  preference  to  others.  In  the  case  of  any  particular 
end-product  it  is  desirable  to  know  whether  it  represents  a  portion  of 
the  protein  molecule  unattacked  by  the  bacteria,  a  true  cell  excretion, 
or  something  set  free  by  the  death  of  the  cell  or  by  autolysis.  Any 
systematic  investigation  of  the  proteolytic  activity  of  an  organism 
should  include  at  least  the  following  points : 

1.  Determination  of  the  amounts  present  of  certain  available  food 
substances. 

2.  Periodic  determination  of  the  amounts  of  one  or  more  decom- 
position products  used  as  a  measure  of  proteolysis. 

3.  Allowances  for  such  factors  as  rate  of  increase  in  numbers, 
presence  of  other  non-nitrogenous  foodstuffs,  presence  of  decomposi- 

*  Jour.  Biol.  Chcm.,  1912,  13,  p.  341. 

*  Monit.   Scient.   Quesneville,   1911,   I,  p.   489. 

8  Biochem.   Ztschr..    1912,   41,   p.    174;    1912,   47,   pp.    462-472;    1914,    59,   p.   429;    Sasaki. 
Takaoki   and   Otsuka:     Biochem.    Ztschr.,    1912,    39,   p.    208. 
T  Biochem.  Ztschr..   1909,   18.  p.   380;   1909,   22,  p.  403. 
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tion  products  toxic  to  the  cells  or  inhibitory  of  their  activity,  and 
products  of  autolysis  of  dead  cells. 

The  infinite  complexity  of  proteins,  their  delicate  susceptibility  to 
change  under  the  influence  of  chemical  and  physical  agents  used  for 
their  isolation  and  purification,  and  the  purely  technical  difficulties 
involved  in  an  attempt  to  avoid  accidental  contaminations  while  pre- 
serving optimum  conditions  of  growth  as  well  as  the  refinements  of 
chemical  technic  necessary  to  quantitative  determination,  have  tended 
to  discourage  this  type  of  research,  with  the  result  that  there  are 
comparatively  few  such  studies  on  record,  all  more  or  less  incomplete. 

Among  the  end-products  of  putrefaction  which  have  been  determined  quan- 
titatively as  a  measure  of  proteolysis,  ammonia  has  been  the  most  common. 
Effront*  made  use  of  it  in  his  studies  on  yeast.  Emmerling  and  Reiser'  stated 
that  at  least  25%  of  the  nitrogen  in  gelatin  was  converted  into  ammonia  by 
B.  fluorescens-liquefaciens,  while  Arnaud  and  Charrin^'  found  that  in  three 
days  B.  pj-ocyaneus  converted  91%  of  the  nitrogen  in  asparagin  into  ammonia 
and  that  a  3  weeks'  culture  in  gelatin  contained  ammonia  to  the  amount  of 
70%  of  the  total  nitrogen.  Boencke"  and  Kendall  and  Farmer"  determined 
ammonia  to  check  the  degree  of  proteolysis  in  their  studies  on  the  protein- 
sparing  influence  of  carbohydrate.  While  the  information  thus  obtained  is 
valuable,  particularly  in  the  case  of  the  putrefactive  saprophytes,  the  ammonia 
curve  admits  of  varying  interpretations  unless  checked  by  other  determina- 
tions. Moreover,  many  pathogens  do  not  liberate  much  ammonia  during  their 
short  period  of  life  in  artificial  cultures  (Berghaus").  The  quantitative  deter- 
mination of  indol  and  of  phenol,  valuable  as  they  are  in  the  study  of  B.  coli 
and  similar  organisms,  has  the  same  limitation. 

At  the  other  extreme  of  the  metabolic  process,  the  progress  of  proteolysis 
may  be  observed  by  systematic  determinations  of  the  amount  of  coagulable 
protein  remaining  in  the  culture  medium.  De  Waele  and  Vendevelde"  worked 
out  these  results  with  a  variety  of  organisms  planted  on  gelatin,  milk,  and 
casein  broth  in  an  endeavor  to  settle  the  question  of  the  specificity  of  bac- 
terial proteases.  Bainbridge,^*  Rettger  and  Sperry"  working  with  representa- 
tive pathogenic  and  saprophytic  strains  on  medium  composed  of  mineral  salts 
and  pure  protein  (crystallized  egg  albumin,  serum  protein,  alkali  albumin, 
and  edestin)  have  proven  that  such  growth  as  may  occur  on  solutions  of 
unchanged  proteins  is  due  to  the  minute  amounts  of  nitrogenous  impurities 
present,  and  that  in  the  absence  of  split-protein  products  the  germs  are  unable 
to  attack  native  albumin. 

•  Compt.   rend.  Acad,   de  sc,   1908,   146.  p.   779. 

»  Ber.  d.  deutsch.  chem.  Gesellsch..   1902,  Part  3.  p.   700. 
"•  Compt.  rend.  Acad,  de  sc.  18911,   112,  p.  755. 
"  Arch.  f.   Hyg.,   1911.   74.   p.   81. 
"  Jour.  Biol.  Chem..  1912,  12.  p.  13;   1912,  13,  p.  63; 
"  Arch.  f.   Hyg.,   1908.  64.  p.   1. 

"  Centralbl.   f.   Bakteriol..  I,  O..   1903.   39,   p.   353.  ' 

«  Jour.  Hyg..  1911,  II,  p.  341. 
"  Am.  Jour.   Physiol.,   1902.  8,  p.   284. 

Sperry:    Report  at  Soc.  Am.  Bact..  Montreal,  Dec.  31,   1913.   " 
Sperry  and   Rettger:     Jour.   Biol.   Chem.,    1914,   20,   p.   445. 
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The  quantitative  determination  of  amino-acids  is  particularly  useful,  espe- 
cially if  checked  by  comparison  with  the  amount  of  destruction  of  the  protein 
or  split-protein  which  is  their  source,  or,  in  experiments  using  the  amino- 
acids  as  a  source  of  nitrogenous  food,  estimations  of  the  ammonia  which  is 
their  fate  (Nawiasky").  Until  very  recently  Sorensen's  formol-titration 
method^*  has  been  the  most  in  use.  This  procedure  was  followed  by  Rosenthal 
and  Patai^"  who  planted  virulent  and  avirulent  strains  of  staphylococcus, 
streptococcus  and  B.  coli  on  broth.  With  all  three  of  these  organisms  they 
observed  an  initial  sharp  rise  of  amino-acid,  followed  by  a  more  gradual  rate 
of  increase.  Meserintsky""  observed  a  progressive  augmentation  of  the  amount 
of  amino-acid  present  in  a  10%  gelatin  culture  of  B.  prodigiosus,  which,  how- 
ever, represented  only  a  portion  of  the  non-coagulable  nitrogenous  material 
present.  Frouin  and  Ledebt,^^  working  with  B.  coli,  B.  typhosus,  B.  dysenteriae 
and  V.  cholerae  on  a  solution  of  non-nitrogenous  mineral  salts  enriched  with 
amino-acids  were  unable  to  detect  any  decrease  during  the  first  24  hours  of 
growth,  though  the  diminution  became  apparent  later.  Kendall,  Day  and 
Walker^'  attempted  to  use  Sorensen  technic  in  addition  to  determinations  of 
ammonia,  total  nitrogen  and  acidity  in  their  work  on  the  protein-sparing  action 
of  glucose,  but  abandoned  the  amino-acid  estimation  because  "the  results  fur- 
nished  no  information  of  importance." 

The  more  delicate  and  accurate  method  of  Van  Slyke"'  now  makes  it  pos- 
sible to  obtain  much  more  significant  estimation  of  the  progress  of  proteolysis, 
since  the  micro-apparatus  is  accurate  to  0.005  milligram  of  nitrogen. 

This  method  was  used  by  Sears'"'*  on  peptone,  broth,  and  gelatin  cultures 
of  a  great  variety  of  organisms.  He  also  determined  ammonia  and  creatinin. 
While  some  of  his  cultures  showed  a  gradual  increase  in  amino-nitrogen,  the 
majority  exhibited  fluctuating  rises  and  falls  indicating  in  his  opinion  that 
amino-acids  were  formed  and  broken  continuously  during  the  life  of  the  culture. 

To  arrive  at  a  more  nearly  complete  understanding  of  the  nitrogen  metab- 
olism of  bacteria  it  would  seem  valuable  not  only  to  apply  such  a  series  of 
tests  to  growth  on  peptone-containing  mediums,  but  also  to  study  the  amino- 
acid  content  of  cultures  on  some  material  which  contains  native  albumin. 
This  is  particularly  true  of  the  pathogens,  many  of  which  do  not  thrive  on 
plain  peptone  or  broth.  Moreover,  their  behavior  in  a  medium  closely  resem- 
bling blood-serum  or  some  other  body  fluid  is  well  worth  detailed  considera- 
tion, both  for  the  insight  it  might  give  into  the  process  of  infection,  and  the 
possibility  of  the  usefulness  of  such  data  in  attacking  the  chemical  side  of 
problems  of  immunity.  Ascitic  fluid  is  more  similar  to  blood  serum  than  any 
other  material  which  can  easily  be  obtained  sterile  in  sufficient  quantity  for 
such  purposes.  Accordingly,  determinations  have  been  made  on  B.  typhosus, 
B.  proteus,  B.  pyocyaneus,  and  staphylococcus  grown  on  broth,  on  pure 
ascitic  fluid,  and  on  mixtures  of  equal  quantities  of  the  two.  In  order  to 
rule  out  the  protein-sparing  properties  of  carbohydrates  as  much  as  possible 
in  the   interests   of   simplicity,   sugar-free   broth   was   used.     Such   broth   may 

"  Arch.  f.  Hyg.,  1908,  66,  p.  209. 

'«  Biochem.  Ztschr.,  1907,  7.  pp.  45  and  407. 

i»  Centralbl.  f.  Bakterial.,  I.  O.,  1914.  73,   p.  406. 

«>  Biochjm.  Ztschr.,  1910.  29.  p.  104. 

"  Compt.  rend.  Soc.  de  biol.,  1911,  70,  p.  24. 

«  Jour.  Am.  Chem.  Soc,  1913,  35,  p.  1201. 

2"  Jour.  Biol.  Chem..  1911,  9,  p.  185;  1912,  12,  p.  275;  1913,  16,  p.  121;  1915,  23.  p.  407. 

2*  Jour.  Infect.  Dis.,  1916.  19,  p.  105. 
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contain  considerable  amounts  of  amino-acid  determined  by  Van  Slyke's  method 
in  addition  to  the  peptones,  but  no  coagulable  albumin  or  carbohydrates.  In 
ascitic  fluid,  on  the  other  hand,  the  amount  of  amino-acid  and  other  protein 
decomposition  products  is  small,  while  the  nitrogen  present  as  coagulable  pro- 
tein is  considerable.  A  small  amount  of  carbohydrate  is  probably  present,  but 
no  tests  for  it  were  made.  A  mixture  of  equal  parts  of  broth  and  ascitic  fluid 
represents  a  middle  ground  between  these  conditions.  In  the  experiments 
recorded  in  tables  4  and  10  ascitic  fluid  was  distributed  in  equal  amounts 
(10  cc)  in  a  series  of  sterile  test  tubes,  and  each  inoculated  with  a  loopful  of 
broth  culture.  At  regular  intervals  the  amino-acid  content  of  one  tube  was 
determined,  the  loss  by  evaporation  being  carefully  made  up  with  distilled 
water.  While  this  method  has  the  advantage  of  permitting  determinations 
to  be  made  without  danger  of  contamination  of  the  material  destined  for 
later  analysis,  there  is  always  the  possibility  of  a  considerable  variation  in 
the  seeding  of  the  different  tubes  or  even  in  the  samples  of  ascitic  fluid.  The 
rest  of  the  work  was  done  with  flasks  containing  a  quarter  of  a  liter  or 
more  of  the  medium.  Tight  fitting  rubber  caps  over  the  cotton  stoppers  pro- 
tected against  evaporation.  At  intervals  samples  were  removed  with  sterile 
pipettes  after  shaking  the  flask  to  render  the  medium  homogeneous.  These 
were  centrifuged  and  the  supernatant  liquid  (practically,  though  probably  not 
absolutely,  free  of  bacterial  cells)  was  tested  for  the  amount  of  amino-acid 
present,  and  in  some  cases  for  coagulable  protein.  In  cases  where  numbers 
of  bacteria  present  are  given,  they  were  determined  by  counting  agar  plates 
made  with  the  customary  quantitative  precautions.  The  Kjeldahl  determina- 
tions were  run  in  duplicate,  and  the  results  averaged  if  they  did  not  check 
but  showed  a  difference  of  less  than  0.5  cc  in  the  titration.  Figures  showing 
a  wide  variation  were  discarded.  Two  Van  Slyke  determinations  were  made 
routinely,  checked  by  a  third  in  case  the  amounts  of  nitrogen  liberated  did  not 
agree  within  0.03  c  c. 

TABLE  1 
Staphylococcus 

Milligrams  N  As  Amino-Acid  per  C  C  in  Broth 

Incubation  Flask  1  (2%  Peptone)    Flask  2  (1.5%  Peptone) 

Sterile 0.606  0.407 

1  day 0.438  0.333 

2  days 0.315 

3  days 0.280 

5  days 0.280  0.319 

7  days 0.390  0.328 

9  days •. 0.332  0.376 

11  days 0.369 

14  days '. 0.252 

19  da vs 0.380 


The  staphylococcus  cultures  on  broth  (table  1,  chart  1  a)  show  a  drop  to 
0.29  mg.  though  flask  1  originally  contained  nearly  half  again  as  much  amino- 
acid  as  flask  2.  Flask  1  on  the  chart  is  shown  as  having  reached  this  minimum 
two  days  later  than  flask  2  but  this  may  well  be  due  to  the  fact  that  no  3-day 
determination  was  recorded.  In  flask  2  there  was  a  steady  gradual  rise  after 
reaching  the  minimum  until  the  point  when  it  had  to  be  discarded  on  account 
of  contamination.  Flask  1  shows  fluctuations  which  are  without  significance 
when  not  checked  bv  determinations  of  other  substances. 
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On  a  mixture  of  broth  and  ascitic  fluid  (table  2  and  chart  1  b)  the  amino- 
acid  curve  shows  a  decided  fall  during  the  period  of  most  rapid  multiplica- 
tion, followed  by  a  rise  and  later  some  fluctuation. 

TABLE  2 
Staphylococcus 

Milligrams  N  per  C  C  As  Amino-Acid  and  As  Coagulable  Protein  in  a  Mixture  of 
Ascitic  Fluid  and  Broth 


Incubation 

Amino-Acid 

Coagulable  Protein 

Bacteria  per  C  C 

Sterile 

0.468 

1.420 

12  hours 

0.393 

1.382 

192,000.000 

36  hours 

0.295 

1.312 

300,000,000 

60  hours 

0.306 

40,000,000 

84  hours 

0.445 

1.189 

132  hours 

0.425 

1.158 

3,000,000 

8%  days 

0.341 

1.052 

1,400,000 

14  days 

0.390 

1.134 

On  pure  ascitic  fluid  (table  3,  chart  1  c)  although  the  amount  of  amino- 
acid  present  to  begin  with  was  much  smaller  than  in  any  of  the  other  flasks, 
we  observe  the  same  initial  drop  followed  by  a  slight  rise  and  a  subsequent  fall. 


TABLE    3 

Staphylococcus 


Milligrams  N  As  Amino-Acid  per  C  C  of  Pure  Ascitic  Fluid 


Incubation Sterile 

Milligrams  N 0.067 


1  day 

0.033 


3  days 
0.112 


4  days 
0.145 


6  days 
0.143 


9  days 
0.033 


14  days 
0.054 


Apparently  this  organism  readily  assimilates  a  part  at  least  of  the  amino- 
acids  found  in  each  of  these  mediums  but  attacks  the  coagulable  protein  to 
some  extent  from  the  first.  After  about  3  days  there  comes  a  period  when 
amino-acids  accumulate,  apparently  due  partly  to  autolysis  and  -partly  to  the 
fact  that  the  original  content  of  assimilable  amino-acid  is  exhausted,  and  only 
a  portion  of  those  liberated  from  the  proteins,  peptones,  etc.,  can  be  used  by 
the  organism.  The  increase  of  coagulable  protein  after  the  8th  day  may  be 
due  to  the  fact  that,  as  the  cultures  grew  older,  it  became  increasingly  diffi- 
cult to  get  a  clear  supernatant  fluid  by  centrifugation. 

The  results  obtained  in  similar  mediums  with  B.  pyocyaneus  are  noticeably 
diflFerent.  On  pure  ascitic  fluid  (table  4,  chart  2  c),  after  an  initial  drop,  a 
steady  rapid  rise  in  amino-acid  is  observed. 

TABLE  4 

B.    PYOCYANEUS 


Milligrams  N  As  Amino-Acid  per  C  C  of  Ascitic  Flud 


Incubation Sterile 

Milligrams  N 0.077 


1  day 
0.049 


2  days 
0.013 


3  days 
0.074 


5  days 
0.099 


8  days 
0.249 


10  days 
0.493 


12  days 
0.695 
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On  sugar-free  broth,  however,  there  is  a  variation  (table  5,  chart  2  a)  which 
may  be  significant.  After  the  original  drop  (which  would  perhaps  be  more 
noticeable  if  a  2-day  determination  had  been  made)  and  a  subsequent  increase 
between  the  3rd  and  6th  days,  there  is  an  unmistakable  drop  shown  on  the  11th 
day.  Apparently,  after  exhausting  the  favorite  amino-acids  present  in  the 
peptone,  the  organism  attacks  the  previously  unused  amino-acid  while  in  an 
abundance  of  available  protein  it  continues  uneconomically  to  select  for  syn- 
thesis the  molecules  best  adapted  to  its  needs. 

TABLE  5 

B.    PYOCYANEUS 


Milligrams  N  As  Amino-Acid  per  C  0  of  Broth 

/■■■■■ 

Incubation 

Milligrams  N 

Sterile           1  day           3  days          4  days 

0.1384             0.098               0.086               0.184 

6  days 
0.215 

11  days 
0.066 

On  a  mixture  of  broth  and  ascitic  fluid  (table  6,  chart  2  b).  the  results  are 
somewhat  similar,  except  that  the  rise  in  amino-acid  occurred  earlier.  Here, 
too,  we  have  a  decrease  in  amino-nitrogen  after  the  fourth  day,  although 
there  is  destruction  of  protein  going  on  at  the  same  time.  Curiously  enough, 
the  greatest  destruction  of  protein  took  place  after  the  maximum  count  had 
been  passed  and  at  a  time  when  the  free  amino-acids  were  not  noticeably 
increasing.  The  protein  destruction  might  be  attributed  to  the  activity  of  the 
enzymes  previously  secreted  by  the  bacteria  but  in  that  case  an  increase  of 
amino-acid  would  be  expected.  The  fact  that  the  acids  do  not  remain  free 
in  the  culture  can  be  explained  on  either  of  two  suppositions :  that  the  enzymes 
secreted  were  of  more  than  one  kind  and  could  carry  proteolysis  beyond  the 
amino-acid  stage  or,  on  the  other  hand,  that  cell  division  and  consequently 
synthesis  of  amino-acid  into  bacterial  protoplasm  was  proceeding  at  a  maxi- 
mum rate  during  this  period,  the  apparent  decrease  in  numbers  being  due 
to  the  fact  that  the  death  rate  began  to  make  itself  felt  at  the  point  when 
the  count  was  2,000,000,000. 

TABLE    6 

B.    PYOCYANEUS 

Milligrams  N  per  C  C  As  Amino-Acid  and  As  Coagulable  Protein  on  Ascitic 
Fluid  +  Sugar-Free  Broth 


Incubation 

Amino-Acid 

Coagulable  Protein 

Bacteria  i)er  0  C 

Sterile 

0.441 

0.846 

12  hours 

0.439 

0.846 

88,000,000 

36  hours 

0.520 

0.818 

2,000,000,000 

60  hours 

0.529 

560,000,000 

84  hours 

0.537 

0.433 

208,000,000 

10  days 

0.386 

0.172 

10,000,000 

In  order  to  throw  more  light  on  this  apparent  preference  for  some  protein- 
decomposition  products  instead  of  others,  it  seemed  useful  to  investigate  the 
effects  of  the  addition  of  varying  amounts  and  kinds  of  amino-acids  to  cul- 
ture mediums.  Accordingly,  0.1  c  c  of  48-hour  broth  culture  of  B.  typhosus 
was  inoculated  into  each  of  five  flasks  of  sugar-free  broth  which  differed  only 
in  that  flask  1  was  ordinary  sugar-free  broth  containing  1%  peptone,  flask  2 
contained  in  addition  0.05%  tyrosin,  flask  3  0.2%  asparagin,  flask  4  0.5% 
glycocol,  and  flask  5  extra  peptone  making  a  strength  of  3%.  The  results  are 
given  in  table  7  and   represented  graphically  in  chart  3  a. 
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TABLE     7 

B.    TYPHOSUS 


MiUigrams  N  As 

Amino-Acid  per  C  C  on  Brotbs  of  Varying  Amino-Acid 

Content 

' 

0.03%  Tyrosin 

0.2% 

Asparagin  0.5%  Glycocol 

Incubation 

1% 

Peptone 

1%  Peptone 

1% 

Peptone 

1%  Peptone 

3% 

Peptone 

Sterile 

0.357 

0.401 

0.520 

0.715 

0.678 

16  bours 

0.343 

18  bours 

0.686 

36  bours 

0.3Z1 

0.296 

38  bours 

0.452 

0.651 

0.667 

60  bours 

0.277 

0.282 

0.605 

90  bours 

0.272 

0.577 

0.806 

10  days 

0.309 

0.315 

0.619 

0.663 

18  days 

0.277 

0.265 

0.388 

0.567 

0.686 

In  the  flask  of  plain  sugar-free  broth  we  note  a  gradual  decrease  in  amino- 
acid  during  the  first  two  days.  This  period  covers  the  lag-phase  and  the 
period  of  most  rapid  multiplication,  during  which  it  uses  those  acids  present 
in  the  medium  which  the  organism  is  especially  able  to  assimilate.  The  fact 
that  no  great  change  was  apparent  at  the  times  when  subsequent  tests  were 
made  would  seem  to  indicate  that  the  peptone  in  the  culture  was  being  used, 
and  that  the  resulting  decomposition  products  were  either  synthesized  into 
bacterial  protoplasm  or  else  carried  beyond  the  amino-acid  stage.  However, 
there  seems  to  be  a  certain  amoimt  of  amino-acid  present  which  remains 
untouched,  doubtless  being  unsuitable  as  nutriment  for  the  cells.  In  the 
tyrosin  flask  the  same  level  is  reached  and  maintained  after  60  hours,  indi- 
cating that  the  extra  foodstuff  in  that  form  was  readily  assimilated.  The  flask 
with  asparagin  shows  the  same  process  in  a  more  striking  degree.  It  is 
imfortunate  that  no  60  hour  test  was  made  to  determine  whether  the  asparagin 
was  used  up  in  that  length  of  time,  or  really  required  SVz  days  to  reach  the 
dead  level  as  the  chart  seems  to  show.  The  flask  which  contained  a  con- 
siderable amount  of  glycocol  shows  a  similar  absolute  decrease,  but  the  level 
maintained  is  higher  than  that  of  the  other  flasks  by  just  about  the  amount 
of  glycocol  added.  (The  difference  in  amino-acid  nitrogen  between  the  plain 
broth  flask  and  the  one  with  glycocol  was  0.358  mg.  per  c  c  when  sterile,  and 
0.354  mg.  after  10  days'  incubation.)  This  apparently  indicates  that  ghcocol 
is  not  assimilated  by  B.  typhosus  when  other  sources  of  nitrogen  are  present. 
In  the  3%  peptone  flask  there  is  very  little  decrease  during  the  first  IV2  days, 
indicating  that  the  free  amino-acid  used  up  is  balanced  by  the  fact  that  some  is 
being  set  free  from  the  peptone.  After  this,  apparently  the  peptone  destruc- 
tion sets  free  more  acid  than  is  used  up,  but  later  still  these  are  synthesized 
or  more  likely  broken  down  into  simpler  substances.  (Sears  found  that  B. 
typhosus  formed  considerable  amounts  of  ammonia  on  peptone  solution.) 

These  results  are  confirmed  and  explained  by  an  experiment  using  a  medium 
consisting  of  mineral  salts,  glycerol  and  a  pure  amino-acid.  Absolutely  no 
vfeible  growth  of  B.  typhosus  could  be  determined  in  such  a  medium  with 
gljcocol  as  a  sole  source  of  nitrogen,  although  it  grew  well  on  this  medium 
when  other  amino-acids  were  introduced,  and  several  other  bacteria  produced 
a  heavy  growth  on  the  glycocol.  In  the  typhoid-glycocol  culture  tubes  there 
was  no  appreciable  diminution  of  the  amount  of  amino-acid  present  during 
3  weeks,  though  the  bacilli  introduced  remained  viable  throughout  the  period 
of   obser\'ation. 

The  results  obtained  with  the  same  strain  on  a  mixture  of  sugar-free  broth 
and  ascitic  fluid  (table  8,  chart  3  b)  are  of  interest  in  cormection  with  the 
first  experiment. 
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TABLE     8 

B.     TYPHOSUS 


Milligrams  N  per  C  C  As  Amino-Acid  and  As  Coagulable  Protein  in  a  Mixture  of 
Broth  and  Ascitic  Fluid 


Incubation 

Amino-Acid 

Coagulable  Protein 

Bacteria  per  C  C 

Sterile 

0.430 

■  0.859 

12  hours 

0.439 

0.818 

384,000,000 

36  hours 

0.354 

0.805 

60  hours 

0.551 

0.639 

1,580,000,000 

84  hours 

0.581 

0.488 

224,000,000 

10  days 

0.386 

Lost 

102,000,000 

Here  the  protein  is  attacked  from  the  first,  and  there  is  even  a  slight  rise 
in  amino-acid  during  the  first  12  hours,  then  a  considerable  fall  in  the  next 
24,  followed  by  a  rapid  rise  in  free  amino-acid,  and  great  destruction  of 
protein  continuing  even  a  little  after  the  maximum  count  was  reached.  Then 
ensues  a  period  during  which  the  amino-acids  are  gradually  used  up  by  the 
germs. 

The  two  flasks  of  ordinary  sugar-free  broth  inoculated  with  B.  proteus 
(table  9,  chart  4  a)  indicate  that,  after  the  first  drop  due  to  the  utilization  of 
the  amino-acids  present,  very  little  of  the  amino-acid  broken  from  the  peptone 
is  left  free  in  the  medium,  and  the  accumulation  is  not  great. 

TABLE    9 

B.    PROTEUS 

Milligrams  N  As  Amino-Acid  per  C  C  of  Broth 

Incubation  Flask  1  Flask  2 

Sterile 0.329  0.329 

Iday 0.239  0.233 

2  days 0.191  0.202 

6  days 0.230  0.235 

8  days 0.282  0.282 

On  undiluted  ascitic  fluid  (table  10,  chart  4  c)  this  is  even  more  marked. 
Unfortunately,  determinations  of  coagulable  protein  were  not  made,  but  the 
idea  that  the  small  amount  of  free  amino-acid  is  due  to  thoroughness  of  decom- 
position rather  than  to  lack  of  protein  is  strengthened  by  the  fact  that  this  was 
the  same  sample  of  fluid  on  which  B.  pyocyaneus  set  free  0.695  mg.  per  c  c 
in  12  days. 

TABLE     10 

B.    PROTEUS 

Milligrams  N  As  Amino-Aeid  per  C  C  of  Pure  Ascitic  Fluid 

r— ' 

Incubation Sterile     Iday    2  days    3  days    4  days    5  days    6  days    7  days   12  days 

Milligrams  N 0.077       0.060       0.054       0.043,      0.026       0.031       0.054       0.032       0.026 

On  the  mixture  of  broth  and  ascitic  fluid  (table  11,  chart  4  b)  the  striking 
destruction  of  coagulable  protein,  and  the  very  large  amount  of  amino-acid 
liberated  in  the  first  2^2  days  apparently  indicates  that  this  organism  attacks 
both  protein  and  peptones  whenever  they  are  present,  indiscriminately,  and 
uneconomically  in  the  case  of  a  medium  rich  in  both.  Later  much  of  this 
surplus  amino-acid  was  used  up. 
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TABLE     11 

B.    PROTEUS 


Sugar-Free  Broth 

Plus 

Ascitic  Fluid 

' 

N  per  C  C 

N  per  C  C 

' 

Incubation 

As  NH2 

Coagulable  Protein 

Count 

Sterile 

0.307 

1.807 

0 

14  hours 

0.575 

0.119 

67,520,000 

36  hours 

0.900 

0.105 

600,000,000 

2^  days 

1.980 

0.049 

700,000,000 

SVfe  (lays 

1.175 

414  days 

1.173 

0.091 

514  days 

0.934 

131,200,000 

7^  days 

0.707 

6.412 

120,000,000 

10     days 

0.743 

0.337 

80,000,000 

2     weeks 

0.732 

0.348 

In  this  flask  as  in  the  staphylococcus  flask  already  mentioned,  it  was  almost 
impossible  to  obtain  a  clear  fluid  by  centrifugation  after  the  1st  week,  and 
this  probably  accounts  for  the  rise  in  coagulable  protein  noted  on  the  7th  day. 

It  is  interesting  to  compare  the  results  on  the  flasks  of  broth  reinforced 
with  various  amino-acids  (table  12,  chart  5)  with  the  results  on  plain  broth 
as  well  as  with  the  behavior  of   B.  typhosus. 

TABLE    12 

B.     PROTEUS 


0.05%  Tyrosin 

0.2%  Tyrosin 

0.2%  Asparagin 

0.5%  Glycocol 

3%  Peptone 

Sterile 

0.327 

0.440 

0.469 

0.480 

0.402 

12  hours 

0.345 

0.449 

0.276 

0.556 

0.503 

36  hours 

0.309 

0.292 

0.220 

0.496 

0.499 

60  hours 

0.199 

0.254 

0.165 

0.417 

0.386 

84  hours 

0.209 

0.175 

0.219 

0.602 

0.481 

4%  days 

0.188 

0.210 

0.190 

0.485 

0.397 

5^  days 

0.212 

0.201 

0.257 

0.491 

0.372 

7%  days 

0.199 

0.255 

0.221 

0.518 

0.408 

1014  days 

0.219 

11%  days 

6.209 

6.188 

0.208 

0.297 

17      days 

0.204 

18      days 

0.209 

0.222 

0.155 

0.255 

Here  only  one  flask  showed  an  initial  fall  in  amino  nitrogen  content,  namely, 
that  containing  asparagin.  This  substance  is  apparently  assimilated  with  con- 
siderable vigor  at  the  same  time  that  the  peptone  is  being  broken  down,  and 
the  "dead  level"  of  useless  amino-acid  is  reached  in  2V2  days.  In  the  case  of 
tyrosin  the  amounts  set  free  are  in  excess  of  the  amounts  liberated  during 
the  first  twelve  hours  but  in  a  few  days  the  content  is  about  the  same  as  that 
of  the  asparagin  flask.  The  glycocol  flask  shows  a  very  different  curve  from 
that  produced  with  B.  typhosus.  Here  we  have  an  initial  rise  due  to  the 
attack  on  peptone,  followed  by  fluctuations  and  a  3-day  period  of  no  great 
change,  and  then  a  rapid  fall  between  the  7th  and  11th  days,  when  the  "dead 
level"  was  reached.  In  the  3%  peptone  flask  the  initial  increase  is  more 
marked  than  in  any  of  the  others,  which  is  what  might  be  expected,  consider- 
ing the  readiness  of  the  organism  to  attack  such  substances,  and  the  fact 
that  there  is  three  times  as  much  peptone  present  as  in  each  of  the  other 
four  flasks. 

The  results  on  the  synthetic  medium  (mineral  salts,  glycerol  and  a  single 
amino-acid)    agree    with    these    findings.      While    B.    proteus    did    not    use    up 
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glycocol  as  rapidly  as  some  other  bacteria  did,  it  grew  fairly  well,  proving  that 
it  can  derive  nitrogen  from  this  acid  if  "starved  to  it,"  These  peculiarities 
seem  worthy  of  further  study.  It  was  thought  possible  that  this  difference 
might  have  some  bearing  on  the  liquefaction  of  gelatin,  which  yields  a  large 
percentage  of  glycocol  on  hydrolysis.  However,  several  bacteria  (B.  para- 
typhosus,  B.  coli,  B.  fecalis-alkaligenes)  incapable  of  liquefying  ordinary  gelatin 
mediums,  thrive  on  these  glycocol  solutions.  Investigations  using  a  variety 
of  amino-acids  for  a  considerable  number  of  organisms  promise  interesting 
results,  and  are  well  under  way. 

SUMMARY 

Four  organisms  were  studied,  two  of  which  are  strongly  proteo- 
lytic on  ordinary  mediums  (B.  proteus  and  B.  pyocyaneus),  one 
moderately  so  (staphylococcus),  and  one  (B.  typhosus)  which  does 
not  show  the  marked  activity  of  the  others.  On  mediums  containing 
ascitic  fluid  all  four  destroyed  considerable  amounts  of  coagulable 
protein  during  the  first  36  hours.  B.  pyocyaneus  was  the  only  one 
which  did  not  do  so  in  the  first  12.  In  the  case  of  the  staphylococcus 
this  digestion  proceeded  at  a  fairly  uniform  rate;  B.  typhosus  and 
B.  pyocyaneus  apparently  did  not  attack  the  coagulable  protein  vigor- 
ously until  the  more  easily  assimilable  substances  had  been  used ; 
B.  proteus  seems  to  attack  all  the  nitrogenous  materials  at  once  with- 
out discrimination.  B.  proteus  and  B.  typhosus  could  both  assimilate 
tyrosin  and  asparagin ;  B.  proteus  could  make  use  of  glycocol ;  B. 
typhosus  could  not. 

DISCUSSION    AND    CONCLUSIONS 

Evidently,  the  ability  of  a  given  cell  to  assimilate  amino-acids 
does  not  result  directly  from  their  simplicity  of  structure  and  solu- 
bility in  water;  otherwise  glycocol,  which  is  the  simplest  and  is  readily 
soluble,  would  be  the  most  easily  used.  We  have  been  led  to  believe 
that  the  intracellular  proteins  synthesized  by  bacteria  are  specific,  in 
view  of  various  phenomena  connected  with  immunity.  It  seems  rea- 
sonable to  suppose  that  this  individuality  may  rest  to  some  extent 
on  the  ability  to  absorb  certain  substances  characteristic  of  those 
proteins.  Sperry  and  Rettger  found  that  pure  crystallized  proteins 
cannot  be  attacked  by  bacteria  in  the  absence  of  decomposition 
products ;  experiments  made  in  this  department  by  Diehl  seem  to  indi- 
cate that  bacteria  will  not  elaborate  a  ferment  against  a  certain  protein 
if  grown  on  a  medium  containing  none  of  the  amino-acids  found  in 
that  protein.  The  idea  of  individual  requirements  in  amino-acid  by 
various  kinds  of  bacteria  lends  color  and  significance  to  these  observa- 


« 

Nitrogen  Metabolism  of  Bacteria  19 

tions.  We  can  think  of  the  free  amino-acids  present  in  a  culture 
containing  a  protein  and  its  split  products  as  both  "building  stones"  in 
the  protein  molecule,  and  as  possible  "stepping  stones"  for  the  bac- 
teria. Then  the  avidity  with  which  an  organism  attacks  a  protein 
would  be  in  direct  proportion  to  the  amount  and  variety  of  free  amino- 
acids  present  which  are  represented  in  the  structure  of  the  protein 
molecule  and  which  that  particular  kind  of  cell  can  assimilate.  If  only 
a  few  acids  fulfilling  both  these  requirements  are  found  in  the  medium, 
the  stimulus  to  proteolysis  would  not  be  great,  at  least  until  possibly 
a  greater  quantity  and  variety  was  set  free  by  the  first  feeble  attack. 
An  organism  exhibiting  what  might  be  called  a  catholicity  of  taste  in 
amino-acids  would  have  an  increased  number  of  approaches  to  the 
protein  molecule.  Further  investigations  will  show  whether  or  not 
one  is  justified  in  stating  that  B.  proteus,  for  instance,  is  such  an 
organism. 

In  the  meanwhile  we  are  certainly  justified  in  concluding  that  the 
nature  of  the  particular  protein  decomposition  products  present  play 
a  very  important  part  in  metabolism,  as  the  power  to  assimilate  a 
given  amino-acid  is  not  necessarly  common  to  all  bacteria,  but  is  due 
to  factors  which  may  be  absent  in  some  varieties. 
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THE     SPECIFICITY    OF    BACTERIAL     PROTEOLYTIC 
ENZYMES    AND    THEIR    FORMATION 

Harold    S.    Diehl 

Yrom    the    Department   of   Bacteriology   and    Imuunology,    University   of   Minnesota, 

Minneapolis* 

Ever  since  the  recognition  of  enzymes  as  the  active  agents  in  a 
large  number  of  vital  processes  of  both  multicellular  and  unicellular 
organisms,  much  work  has  been  done  to  determine  their  nature  and 
properties.  Through  this  we  have  learned  much  about  them,  but  a 
great  deal  is  still  left  unknown,  mainly  because  it  has  been  impossible 
to  obtain  them  in  a  pure  form.  So  at  present  we  can  study  them  only 
indirectly,  that  is,  by  investigating  their  properties  and  their  modes  of 
action. 

One  of  the  first  properties  assigned  to  amylases,  lipases,  and  pro- 
teases was  that  of  specificity.  Even  among  the  enzymes  acting  on  the 
several  carbohydrates  a  certain  amount  of  specificity  was  observed ; 
but  the  nature  of  this  specificity  could  not  be  determined  because  it 
appeared  that  these  ferments  were  inseparable  from  the  bacterial  cells. 
They  are  what  we  now  know  as  endo-enzymes  of  bacteria.  With  the 
proteolytic  enzymes,  however,  more  work  was  possible  because  these 
are  given  off  by  the  cells  into  the  surrounding  medium,  and  are  there- 
fore susceptible  of  nsolation. 

The  action  of  these  enzymes  on  the  proteins  offered  a  good  oppor- 
tunity for  the  study  of  specificity  because  of  the  great  differences 
between  the  several  types  of  proteins.  If  enzymes  really  be  specific, 
then  one  would  expect  that  no  single  enzyme  would  be  able  to  act  on 
all  of  the  widely  different  types  of  proteins.  On  the  other  hand,  it 
hardly  seems  probable  that  a  different  enzyme  exists  for  each.  For,  if 
this  were  actually  the  case,  digestive  enzymes  such  as  pepsin  and 
trypsin  would  have  to  be  considered  not  as  units,  but  as  combinations 
or  mixtures  of  many  distinct  ferments.  Such  a  conception  does  not 
seem  probable,  nor  is  it  borne  out  by  the  experiments  of  Fermi^  and 
others,  who  came  to  the  conclusion  that  the  proteolytic  enzymes  of 
the  digestive  juices  are  units  and  are  not  specific  for  individual  proteins. 

Received  for  publication  Nov.  30,  1918. 
•  Supported   by   a    grant   from   the   National   Dental   Research   Association. 


2  H.    S.    DiEHL 

Fermi/  in  discussing  this  question,  quotes  the  views  of  Fischer 
and  Abderhalden.  Their  opinions  are  very  similar  and  well  worth 
repeating  here.  Emil  Fischer  states:  "That  most  of  our  common 
ferments  are  mixed  is  very  probable.  But  how  far  one  should  go  in 
the  differentiation  of  them  is  hard  to  say  without  experiment;  and  I 
must  admit  that  most  experiments  which  have  been  carried  out  in  this 
connection  possess  but  very  little  conclusive  force.  In  any  case,  I 
believe  that  it  is  an  exaggeration  to  assume  for  each  protein  that  is 
attacked  by  pepsin  and  trypsin  a  special  enzyme ;  for  the  necessary 
conclusion  would  be  that  one  must  assume  for  each  glucosid  a  special 
enzyme,  namely,  for  beta-methyl-glucosid  and  for  beta-phenyl-glucosid. 
According  to  chemical  analogies,  I  must  hold  this  as  being  very  improb- 
able." Abderhalden  expresses  very  much  the  same  view  when  he 
says:  "It  is  quite  probable  that  pepsin  and  trypsin ^are  not  units,  still, 
any  sure  proof  of  a  gelatinase,  casease,  etc.,  is  lacking  in  my  conviction 
at  the  present  time.  So  long  as  one  is  forced  to  work  with  unknown 
substrata  and  unknown  ferments,  sure  conclusions  are  very  hard 
to  get." 

In  investigating  this  problem  numerous  proteins  have  been  used  to 
test  enzyme  action  but  gelatin  has  been  more  popular  than  any  other. 
This  is  so  chiefly  because  gelatin  is  easily  prepared  and  any  proteo- 
lytic action  on  it  is  discernible  by  direct  observation.  For  this  reason 
the  digestion  of  gelatin  has  come  to  be  looked  on  by  many  bacteri- 
ologists as  an  index  oi  the  proteolytic  activity  of  bacteria,  and  in  most 
cases  it  is  quite  satisfactory.  Next  to  gelatin,  casein  probably  has 
been  most  used,  with  variations  of  technic  to  determine  the  amount 
of  its  digestion.  Hemoglobin,  fibrin  and  other  proteins  have  been 
tried  with  more  or  less  satisfactory  results. 

REyiEW    OF    THE    LITERATURE 

Pollak,"  after  much  experimenting,  was  convinced,  (1)  that  the  gelatinases 
are  not  identical  with  trypsin  and  (2)  that  a  specific  gelatinase  exists.  He 
bases  this  latter  conclusion  on  the  fact  that  in  immune  serum  he  could  demon- 
strate an  antigelatinase,  which  would  suspend  the  gelatinolytic  activity  of 
solutions  but  would  leave  uninfluenced  the  serolytic.  Hattori'  also  claims 
to  have  demonstrated  a  specific  gelatinase  by  the  use  of  chemicals  which  would 
destroy  the  albumino-,  sero-  and  fibrino-lytic  powers  of  a  solution  but  would 
leave  unimpaired  the  gelatinolytic  power. 

On  the  other  hand,  Duclaux^  thinks  that  the  gelatinases  and  caseases  are 
identical,  and  also  assumes  the  identity  of  both  of  these  with  trypsin.     And 

1  Centralbl.  f.   BakterioL,  1,   O.,  1913,  68,  p.  433. 

2  Cited  by  Marras   (Hofmeister's  Beitr.,  1905),  6,  p.  95. 

"  Cited  by  Marras,  Arch,  internationale  de  pharmacol.,   1908,   18,  p.  255. 
*  Microbiologic,   2,   p.    618. 


Specificity  and  Formation  of  Proteolytic  Enzymes         3 

Fermi,'  after  extensive  work  with  ferments  obtained  from  animals  and  plants, 
including  bacteria,  concludes  that  the  proteolytic  enzymes  are  identical  with 
trypsin.  He  found  that,  when  fibrinases  and  caseases  were  present,  gelatin- 
ases  were  also  present ;  but  that  some  bacteria  which  produce  gelatinases 
do  not  produce  fibrino-  and  caseino-lytic  enzymes.  From  these  findings  he 
draws  the  conclusion  that  the  same  enzyme  acts  on  all  proteins,  but  that 
different  proteins  show  various  degrees  of  resistance. 

De  Waele  and  Vandevelde*  also  believe  that  the  differences  in  bacterial 
proteolysis  are  differences  of  intensity  only.  They  state  that  on  the  dif- 
ferent nitrogenous  mediums  all  bacteria  act  quite  similarly  and  that  all 
organisms  which  liquefy  gelatin  also  vigorously  attack  casein.  To  them  this 
parallelism  indicates  that  the  liquefaction  of  gelatin  and  the  solution  of 
casein  are  due  to  one  and  the  same  ferment.  However,  they  also  find  that 
bacteria  produce  various  amounts  of  proteolytic  ferments  and  that  these  fer- 
ments differ  somewhat  in  their  action;  but  that  these  differences  depend  not 
so  much  on  the  bacteria  as  on  the  conditions  and  environment  under  which 
the  enzymes  are  produced. 

By  the  use  of  blood  agar  Eijkmann^  demonstrated  an  enzyme  liberated  by 
B.  diphtheriae  which  was  hemolytic  but  not  proteolytic;  and  one  liberated 
by  a  coccus  from  the  air  which  digested  gelatin  but  did  not  affect  hemoglobin. 
To  account  for  these  differences  he  suggests  several  possibilities:  (1)  That 
different  kinds  of  proteolytic  enzymes  exist,  one  of  which  will  most  readily 
act  on  blood  and  another  on  gelatin  and  (2)  that  some  metabolic  products  of 
the  bacteria  other  than  the  ferments  are  responsible  for  some  of  the  actions. 
The  latter  possibility  is  one  which  has  not  been  mentioned  by  any  other 
workers  and  is  decidedly  the  less  probable  of  the  two.  He  also  utilized  agar- 
elastin  plates  and  on  these  observed  the  action  of  an  enzyme  that  seemed  to 
him  identical  with  "the  peptonizing  ferment  which  liquefies  gelatin."  But, 
he  states  that  there  was  always  some  incongruity  in  the  clearing  of  the 
elastin  and  the  liquefaction  of  the  gelatin.  This  is  exactly  what  one  should 
expect,  since  gelatin  and  elastin  though  very  closely  related  chemically  are 
nevertheless  not  identical. 

Mavrojannis,*  working  with  8  types  of  bacteria,  found  that  5  of  these 
digested  gelatin  to 'the  stage  of  gelatoses;  while  the  other  3  would  carry 
them  through  to  gelato-peptones.  The  gelatoses  can  be  resolidified  by  mean^ 
of  formol  while  the  gelato-peptones  are  unaffected  by  it.  From  these  results 
he  concluded  that  at  least  two  kinds  of  ferments  were  responsible  for  the 
breaking  down  of  gelatin,  and  that  each  of  these  was  specific.  These  results, 
however,  were  soon  refuted  by  BogolubofP  and  Tiraboschi  ;^*  but  the  work 
remains  of  some  value  because  it  helped  to  stimulate  other  investigations 
along  the  same  lines.  The  latter  authors  found  that  the  production  of  gelatoses 
or  of  gelato-peptones  depends  not  so  much  on  the  type  of  ferment  as  on  the 
temperature,  the  reaction  of  the  medium,  and  the  length  of  time  which  the 
ferments  are  allowed  to  act. 

»  Centralbl.  f.  Bakteriol.,   1913.  1,  O.,  68,  p.  433;   1913,  69,  p.  465. 

*  Centralbl.  f.  Bakteriol.,  1.  O.,  1905,  39,  p.   353. 
^  Centralbl.  f.  Bakteriol.,  I,  1901,  1,  p.  841. 

*  Compt.   rend.    Soc.   de  biol.,   1903,   55,  p.    1605. 

*  Bull,   de  rinstit.   Pasteur,   1907,  5,  p.   429. 
'0  Bull,  de  rinstit.   Pasteur,   1905.   3.  p.   922. 
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The  review  of  the  literature  shows  a  great  diversity  of  results  and 
conclusions,  but  gives  the  general  impression  that  proteolytic  enzymes 
are  probably  not  specific.  Still  such  a  conception  leaves  unexplained 
some  of  the  phenomena  which  these  enzymes  often  exhibit.  The 
statement  is  frequently  encountered  that  the  conditions  and  environ- 
ment greatly  influence  the  formation  and  properties  of  bacterial 
enzymes.  Of  all  the  factors  that  are  included  under  the  conditions  and 
environment  of  enzyme  formation,  the  composition  of  the  medium  is 
probably  the  most  important. 

In  this  connection  the  question  suggests  itself  as  to  whether  enzymes 
are  preformed  in  the  bacterial  cell  or  whether  they  are  produced  by 
the  organism  only  when  the  need  for  them  arises.  From  our  knowl- 
edge of  vital  processes  in  general  it  seems  more  probable  that  the 
bacterial  cell  should  be  endowed  with  the  ability  to  elaborate  ferments 
than  that  it  should  be  a  storehouse  for  the  many  ferments  of  which 
it  has  need  at  one  time  or  another ;  or  even  that  it  should  form  all  the 
ferments  within  its  power  each  time  that  there  is  need  for  any  one 
of  them.  The  work  of  Jones^^  substantiates  this  view  by  showing 
that  B.  proteus  will  not  form  gelatinases  on  gelatin  when  any  glucose 
is  present;  but  that  as  soon  as  the  glucose  has  been  used  up  the 
gelatinases  appear.  This  would  indicate  that  the  ferments  are  not 
preformed  in  the  bacterial  cell,  but  that  they  are  elaborated  in  response 
to  need.  Such  a  concept  would  further  suggest  that  the  many  different 
kinds  of  nitrogenous  mediums  would  probably  stimulate  the  production 
of  more  than  one  type  of  enzyme.  For  example,  it  does  not  seem 
probable  that  an  amino-acid  and  a  highly  complex  protein  would  call 
forth  the  production  of  identical  ferments.  The  present  investigation 
was  undertaken  to  determine,  if  possible,  the  extent  of  the  influence 
of  mediums  on  ferment  production. 

Technic 

The  cultures  to  be  studied  for  proteolytic  enzymes  were  incubated  at 
37  C.  for  a  period  of  8  days.  At  the  end  of  this  time  they  were  filtered 
through  a  sterile  Berkefeld  filter  and  0.5  c  c  of  the  filtrate  was  added  to 
sterile  gelatin  and  sterile  casein  solution.  Control  tubes  were  made  in  each 
case  for  comparison ;  and  tests  as  to  the  sterility  always  made,  all  filtrates 
showing  contamination  being  discarded. 

The  gelatin  mediums  used  to  test  for  proteolysis  contained  meat-infusion 
broth  and  15%  of  gelatin.  To  several  tubes  of  this  in  the  hardened  form 
was  added  a  portion  of  each  filtrate  and  the  tubes  were  placed  in  an  incu- 
bator   at   20    C.      Several    other    tubes    of    gelatin    were    liquefied    before    the 

"  Jour.   Infect.   Dis.,   1916,   19,  p.   33. 
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filtrate  was  added  and  then  placed  in  an  incubator  at  i7  C.  Liquefaction  in 
the  latter  case  was  determined  by  placing  the  tubes  in  ice  water  until  the 
controls  hardened.  The  results  obtained  by  both  methods  coincided  in  every 
case,  although  the  action  was  more  rapid  at  the  higher  temperature. 

The  casein  solution  was  made  up  according  to  the  method  of  Fiild  and 
Gross.'"  Ten  gm.  of  Merck  casein  were  dissolved  in  100  c  c  of  10%  Na^COa 
solution,  enough  10%  HCl  added  to  just  neutralize  it  and  the  volume  made  up 
to  500  c  c  with  physiologic  salt  solution.  The  whole  was  then  filtered,  and 
diluted  with  physiologic  salt  solution  until  the  medium  showed  a  definite 
clouding  on  the  addition  of  acetic  acid,  but  no  heavy  precpitate.  This  was 
placed  in  small  test  tubes,  5  c  c  to  a  tube,  and  sterilized.  To  test  for  enzymes 
0.5  c  c  of  the  filtrate  under  examination  was  added  to  each  of  several  tubes 
and  incubated  for  24  hours,  after  which  undigested  casein  was  determined 
by  the  addition  of  0.2  c  c  of  a  solution  of  45  parts  of  90%  alcohol,  5  parts 
of  glacial  acetic  acid,  and  50  parts  of  distilled  water.  The  absence  of  any 
precipitate  indicated  that  all  the  casein  had  been  digested.  With  each  tube 
of  casein  a  control  was  run  for  comparison. 

Various  methods  have  been  utilized  for  the  detection  of  gelatinases  in 
bacterial  cultures.  Of  these,  probably  the  most  widely  used  is  the  carbol- 
gelatin  method  in  which  0.5  c  c  of  the  culture  to  be  tested  is  added  to  a 
tube  of  gelatin  containing  5%  carbolic  acid.  This  is  supposed  to  prevent 
the  growth  of  the  bacteria  but  to  have  no  influence  on  the  action  of  the 
enzymes.  Eijkmann"  separates  the  enzymes  from  the  bacteria  by  dialysis 
through  agar,  but  the  method  seems  impracticable  when  carrying  out  a  large 
number  of  tests.  Another  method  widely  used  is  the  one  which  gave  the 
best  results  in  our  hands,  namely,  the  separation  of  the  enzymes  from  the 
bacteria  by  the  filtration  of  the  culture  through  a  sterile  Berkefeld  filter. 
The  method  is  laborious  but,  when  properly  carried  out,  very  satisfactory. 

Concerning  the  time  at  which  the  proteolytic  activity  of  a  culture  is  at 
its  maximum,  different  views  can  be  found.  Von  Groer**  states  that  the  most 
gelatinases  of  B.  prodigiosus  are  found  in  a  culture  3  weeks  old.  Malfitano 
and  Strada"  found  that  on  agar  slants  the  proteases  increase  up  to  24  hours 
and  then  decline.  Mesernitsk}'^^  agrees  with  the  work  of  Von  Groer  on 
B.  prodigiosus  in  finding  that  the  gelatinases  appear  at  the  beginning  of  the 
6th  day  and  increase  up  to  the  21st  day.  Bertiau"  working  with  B.  pyocyaneus 
and  B.  subtilis  concluded  that  notable  ferments  exist  in  broth  cultures  at  the 
end  of  2  days  and  increase  up  to  the  8th  day,  after  which  they  decrease  slowly. 
In  our  work  all  cultures  were  tested  at  the  end  of  8  days  and,  in  case  of 
negative  results,  were  tested  again  after  a  greater  length  of  time,  but  never 
did  positive  results  appear  in  cultures  which  were  negative  at  the  8th  day. 

EXPERIMENTS    AND    RESULTS 

The  content  of  the  mediums  on  which  the  organisms  were  grown 
was  varied  in  order  to  determine  what  effect  this  would  have  on 
enzyme   production.      Gelatin   itself   was    first   tried    and   proteolytic 

"  Cited  by  Marras  (Centralbl,   f.  BakterioL,  I.O.,  1914,  74.  p.  505). 

^*  Centralbl.   f.    BakterioL,   1,   C,    1904,   35,  p.   1. 

"  Biochem.   Ztschr.,   1912,   38,  p.   252. 

"  Compt.  rend.   Soc.   de  biol.,  1905.  59,  pp.   120,    195  and   197. 

^'  Biochem.   Ztschr.,  1910,  29,  p.   104. 

"  Centralbl.  f.  Bakteriol.,  1.  O.,  1914,  74,  p.  374. 
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enzymes  were  found  to  be  produced  by  each  of  the  organisms  used. 
These  enzymes,  however,  were  not  specific  gelatinases  because,  although 
they  liquefied  gelatin  rapidly,  they  also  promptly  digested  the  casein. 
This  agrees  with  the  findings  of  De  Waele  and  Vandevelde"  and 
others,  and  is  the  basis  for  some  of  the  conclusions  as  to  the  identity 
of  gelatinases  and  caseases. 

When  the  bacteria  were  grown  on  the  casein  solution,  proteases 
were  again  obtained  which  attacked  both  gelatin  and  casein  and,  with 
the  qualitative  methods  employed,  no  difference  between  the  activity 
of  these  ferments  and  the  ones  obtained  from  the  gelatin  mediums 
was  apparent.  However,  later  experiments  lead  us  to  conclude  that 
with  more  accurate  methods  for  the  quantitative  estimation  of  pro,- 
teolysis  some  differences  will  very  probably  be  found.  The  filtrates 
from  cultures  on  meat-extract  and  meat-infusion  both  likewise  were 
found  to  contain  ferments  which  would  rapidly  digest  both  gelatin 
and  casein. 

After  obtaining  apparently  identical  ferments  from  these  several 
mediums,  all  of  which  contained  numerous  complex  proteins,  the 
other  extreme  was  resorted  to,  that  is,  a  medium  was  utilized  which 
contained  no  organic  nitrogen.  It  is  one  which  Magoon^*  recommends 
for  the  cultivation  of  tubercle  bacilli  and  on  which  all  of  the  common 
bacteria  will  usually  grow  well.     It  is  made  up  as  follows : 

Ammonium   phosphate,   dibasic 1.75  gm. 

Potassium  phosphate,  dibasic 0.25  gm. 

Sodium   phosphate,    dibasic 0.50  gm. 

Magnesium  sulphate    0.50  gm. 

Glycerol    20.00  c  c. 

Distilled  water  qs.  ad 1,000.00  c  c. 

When  all  of  the  salts  are  dissolved,  this  is  sterilized  by  fractional 
sterilization,  after  which  it  may  be  kept  indefinitely  and  used  as 
desired.  Although  this  medium,  due  to  the  presence  of  the  glycerin, 
is  not  strictly  inorganic  it  will  be  called  an  "inorganic  medium"  in  this 
paper  for  the  sake  of  brevity. 

When  inoculated  into  this  medium,  which  had  been  placed  in  small 
flasks,  100  c  c  to  a  flask,  the  organisms  all  developed  rapidly  and 
within  a  few  days  a  heavy  growth  was  obtained.  At  the  end  of  8 
days  a  portion  from  each  flask  was  filtered  and  the  sterile  filtrate 
added  to  gelatin  and  to  casein  solution  as  described.     But  on  incuba- 

"  Washington    Agricultural   Experiment   Station,   Bull.    132. 


Specificity  and  Formation  of  Proteolytic  Enzymes  7 

tion  no  digestion  occurred  in  any  of  the  tubes.  Other  portions  of  the 
cultures  were  filtered  and  tested  at  14  and  21  days,  but  in  no  case  were 
any  enzymes  obtained  which  would  attack  either  the  gelatin  or  the 
casein. 

By  means  of  the  next  experiments  it  was  hoped  to  determine  how 
close  to  gelatin  and  casein  in  chemical  composition  the  mediums  would 
have  to  be  to  stimulate  the  production  of  gelatinases  and  caseases. 
With  this  object  in  view  peptone  was  added  to  the  above  described 
medium  in  a  quantity  sufficient  to  make  a  1%  solution.  On  this 
medium  the  organisms  all  grew  vigorously,  and  it  was  found  that  they 
produced  enzymes  which  would  digest  both  gelatin  and  casein. 

This  showed  the  necessity  for  utilizing  some  substances  still  more 
simple  as  sources  of  organic  nitrogen  and,  as  asparagin  is  frequently 
used  in  nonprotein  mediums,  it  was  next  tried,  enough  of  it  being 
added  to  the  original  medium  to  make  a  1%  solution.  On  this  the 
bacteria  showed  rapid  development  and  in  the  filtrates  from  the  cul- 
tures enzymes  were  found  to  be  present  which  both  liquefied  the 
gelatin  and  digested  the  casein,  and  with  apparently  equal  rapidity. 

These  results  led  us  to  study  the  literature  on  the  chemical  compo- 
sition of  gelatin  and  casein  by  Fischer,  Abderhalden  and  others. 
According  to  Matthews,^^  in  addition  to  various  percentages  of  most 
of  the  amino-acids,  both  of  the  above  proteins  contain  aspartic  acid, 
gelatin  0.56%  and  casein  1.4%.  Gelatin  also  contains  16.5%  glycocoll 
and  casein  none,  while  casein  contains  4.5%  tyrosin  and  1.5%  tryj>- 
tophan  and  gelatin  contains  neither.  Of  these  amino-acids  tryptophan 
was  not  available,  but  glycocoll  and  tyrosin  were  utilized  for  our  experi- 
ments, 1%  solutions  of  each  being  made  up  with  the  "inorganic 
medium"  as  a  base. 

In  the  mediums  containing  glycocoll  each  of  the  3  organisms  were 
allowed  to  develop  as  in  previous  experiments  but  growth  was  found 
to  be  more  slow.  However,  after  several  days  a  vigorous  growth 
appeared  in  each  of  the  flasks,  and  at  the  end  of  8  days  the  cultures 
were  filtered  and  portions  of  the  filtrates  tested  for  enzymes  in  the 
manner  already  described.  Each  one  of  these  filtrates  from  the 
mediums  containing  glycocoll  showed  marked  liquefaction  of  gelatin, 
but  had  no  action  on  the  casein.  The  rate  of  the  liquefaction  of  the 
gelatin  was  also  marked,  being  noticeably  more  rapid  than  that  caused 
by  the  filtrates  from  any  of  the  mediums  previously  used,  even  from 

'•  Physiological    Chemistry,    1916. 
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gelatin  itself.  But  on  the  casein  solution  there  was  no  action,  even 
when  allowed  to  remain  in  the  incubator  for  several  days.  Other 
samples  from  these  cultures  were  filtered  and  tested  at  various  inter- 
vals up  to  3  weeks,  but  the  results  obtained  were  always  the  same. 

On  the  mediums  containing  the  1%  of  tyrosin  growth  was  more- 
rapid  but  the  filtrates  less  active.  In  the  tubes  of  gela.tin,  which  were 
inoculated  with  filtrates  from  this  medium,  there  was  absolutely  no 
evidence  of  liquefaction,  either  at  20  C.  or  at  37  C ;  but  in  the  casein 
solutions  there  was  quite  marked  digestion  by  the  filtrates  from  the 
cultures  of  each  of  the  organisms.  This  digestion,  altho  not  so  rapid 
as  that  caused  by  trypsin,  was  apparently  of  about  the  same  intensity 
as  that  obtained  with  the  filtrates  from  broth,  gelatin,  peptone  and 
asparagin. 

In  tabular  form  these  results  appear  as  follows: 

TABLE   1 

Results  of  Experiments  with   Various   Mediums  to   Determine   Enzyme  Production 

Liquefaction         Digestion 

Source  of  Enzymes                                                    of  Gelatin           of  Casein 

Gelatin: 

B.  pyocyaneus     +  -f- 

B.  prodigiosus     -|-  + 

B.  subtilis     •.  . : 4-  4- 

Broth: 

B.  pyocyaneus     -|-  -|- 

B.  prodigiosus     -j-  -j- 

B.  subtilis     -i-  4- 

Agar  slant: 

B.  pyocyaneus     -j-  + 

B.  prodigiosus     -j-  -|- 

B.  subtilis     4-  4- 

"Inorganic    mediums": 

B.  pyocyaneus     0     ,  0 

B.  prodigiosus     0  0 

B.  subtilis     0  0 

1%  peptone: 

B.  pyocyaneus     +  + 

B.  prodigiosus      4-  4- 

B.   subtilis     4-  4- 

,        1%    asparagin: 

B.  pyocyaneus     +  + 

B.  prodigiosus     4"  4- 

B.  subtilis     4-  4- 

1%    glycocoll: 

B.  pyocyaneus     +  0 

B.  prodigiosus      +  0 

B.  subtilis     +  0 

1%    tyrosin: 

B.  pyocyaneus     0  + 

B.  prodigiosus     0  + 

B.  subtilis     0  4- 

DISCUSSION    OF    RESULTS 

The  fact  that  nonspecific  proteases  can  be  obtained  from  cultures 
on  gelatin,  casein  and  nutrient  broth  has  frequently  been  mentioned 
and  is  of  no  special  significance  in  this  paper,  except  to  show  the  basis 
for  most  of  the  conclusions  as  to  the  identity  of  proteolytic  enzymes. 
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These  conclusions  seem  perfectly  logical  in  view  of  such  results,  and 
the  ones  reached  by  us  would  have  been  very  similar,  had  not  experi- 
ments with  other  mediums  thrown  further  light  on  the  subject. 

The  finding  of  no  gelatinases  or  caseases  on  mediums  containing 
no  organic  nitrogen  at  first  appears  contradictory  to  the  findings  of 
some  other  writers,  notably  Jordan,^**  Aubel  and  Colin,^^  and  Abbott 
and  Gildersleeve.--  But,  on  close  investigation  of  their  work,  one 
finds  that  the  "nonprotein"  mediums  of  which  they  write  always  con- 
tain organic  nitrogen  in  one  form  or  another.  Jordan,  for  example, 
in  his  experiments  varies  the  salt  content  of  the  mediums,  but  in  each 
case  asparagin  is  found  to  be  present.  Aubel  and  Colin  use  asparagin 
or  ammonium  aspartate  as  the  source  of  nitrogen.  With  such  findings 
we  can  well  agree,  but  on  mediums  containing  no  organic  nitrogen  we 
are  forced  to  conclude  that  enzymes  are  not  liberated  by  the  bacteria. 
These  results  seem  significant  in  the  study  of  enzyme  formation  and 
furnish  further  evidence  that  bacterial  enzymes  are  not  preformed  in 
the  cell  but  are  manufactured  by  the  organism  as  the  need  for  them 
arises. 

The  formation  of  both  gelatinases  and  caseases  on  the  mediums 
containing  1%  of  peptone  is  not  surprising  and  has  ver>'  little  signifi- 
cance because  peptone  is  a  substance  of  rather  indefinite  chemical 
composition,  which  is  found  as  an  intermediate  step  in  the  breaking 
down  of  all  proteins.  For  this  reason,  if  it  stimulated  the  production 
of  any  proteases  at  all,  these  would  be  expected  to  attack  one  protein 
as  well  as  any  other. 

With  asparagin  as  a  source  of  nitrogen  the  production  of  gel- 
atinases and  caseases  at  first  seems  surprising  and  appears  as  another 
argument  against  the  specificity  of  proteases.  It  is  one  which  has  been 
mentioned  in  the  literature  and  would  be  a  strong  one  were  it  not  for 
the  fact  that  asparagin  is  an  amin  of  asparatic  acid  which  is  present  in 
both  gelatin  and  casein.  Thus,  proteolytic  enzymes  formed  on  medi- 
ums containing  asparagin  as  a  source  of  nitrogen  might  be  expected 
to  attack  casein  as  well  as  gelatin.  In  regard  to  enzyme  production  in 
mediums  containing  inorganic  salts  plus  asparagin,  Jordan^"  states 
that  the  enzymes  are  produced  in  just  as  large  amounts  as  they  are  in 
gelatin  or  in  broth,  but  that  a  longer  time  is  necessary.  Our  results, 
although  not  quantitative,  se.em  to  agree  with  this. 

»  Biol,  studies  of  pupils  of  W.  T.  Sedgwick,  Boston,  1906,  p.   124. 
"  Compt.  rend  Soc.  de  bid.,  1913,  74.  p.  790. 
^  Jour.    Med.    Research,    1903,    10.    p.    42. 
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As  to  the  nature  of  this  enzyme  our  work  merely  shows  that  it  is 
proteolytic,  digesting  both  gelatin  and  casein.  Effront  and  Ehrlich," 
however,  inoculated  solutions  of  asparagin  with  yeast  and  obtained 
ammoniacal  nitrogen.  The  filtrates  of  such  cultures  also  had  the 
property  of  breaking  down  asparagin  and  the  amount  transformed 
was  proportionate  to  the  time.  This  signified  to  them  that  amidase  is 
formed  which  is  responsible  for  the  action.  On  the  other  hand, 
Walker  and  Kendall,^*  after  studying  the  proteolytic  enzymes  of 
B.  proteus,  conclude  that  the  one  which  liquefies  gelatin  is  in  a  sense 
at  least  a  preparatory  one,  preparing  the  protein  for  assimilation  and 
that  "deaminization  is  an  independent  phenomenon,  associated  with 
the  intracellular  utilization  of  the  products  of  proteolysis."  This  work 
makes  it  appear  as  though  there  must  be  two  enzymes  formed  on 
asparagin,  but  it  is  the  proteolytic  enzyme  rather  than  the  deaminizing 
one  with  which  we  are  interested. 

On  glycocoll  we  found  growth  to  be  less  vigorous  than  on  the 
other  mediums.  This  agrees  with  the  observations  of  Bielecki^^  who 
found  that  bacteria  will  grow  better  on  asparagin  than  on  any  of  the 
other  amino-acids  which  he  investigated,  but  that  some  development  is 
obtained  on  all.  Franzen  and  Egger^''  also  found  that  of  asparagin, 
alanin,  and  glycocoll,  asparagin  forms  the  best  source  of  nitrogen  for 
B.  prodigiosus,  while  the  least  growth  is  obtained  on  glycocoll.  The 
enzymes  obtained  from  this  medium  were  very  marked  in  their  action, 
the  gelatin  being  liquefied  with  surprising  rapidity  and  the  casein 
remaining  unchanged. 

On  the  mediums  containing  ty rosin  the  results  were  just  as  strik- 
ing, the  gelatin  showing  absolutely  no  liquefaction  while  the  casein  was 
progressively  digested.  The  results  seem  quite  significant  in  view  of 
the  fact  that  gelatin  contains  glycocoll  but  no  tyrosin,  while  casein 
contains  tyrosin  but  no  glycocoll. 

The  ultilization  in  a  similar  manner  of  other  amino-acids,  particu- 
larly tryptophan,  would  doubtless  further  demonstrate  this  point  but, 
due  to  the  shortage  of  chemicals  in  consequence  of  the  present  war, 
it  has  been  impossible  to  obtain  them  for  this  piece  of  work.  However, 
the  ones  which  were  used  point  very  strongly  toward  the  conclusion 
that  the  amino-acids  play  a  very  important  part  in  the  determination 
of  specificity  among  proteolytic  enzymes. 

»  Compt.  rend.  Acad,  de  sc.  1907,  146,  p.  779. 

"  Jour.   Infect.   Dia.,   1915,   17,  p.   442. 

"  Compt.  rend  Soc.  de  biol..  1911,  70.  p.   100. 

2«  Centralbl.   f.  Bakteriol.,  1,  Ref.,  1915,  63,  p.   49. 
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It  is  as  yet  hard  to  say  just  how  comprehensive  the  conclusions 
should  be  which  follow  from  such  findings;  but  it  appears  that,  on 
mediums  containing  no  organic  nitrogen,  no  proteolytic  enzymes  are 
formed,  and  that,  on  mediums  containing  but  one  amino-acid  as  a 
source  of  nitrogen,  the  enzymes  which  are  formed  will  attack  only 
proteins  which  contain  that  particular  amino-acid.  In  other  words, 
this  enzyme  seems  specific  for  proteins  containing  that  one  amino- 
acid.  Thus,  the  enzymes  formed  on  most  amino-acids  tend  to  show 
very  little  specificity  because  the  great  majority  of  amino-acids,  like 
aspartic  acid,  are  present  in  practically  all  of  the  proteins.  Also,  the 
ferments,  which  are  formed  on  mediums  containing  either  many  amino- 
acids  or  a  few  more  complex  nitrogenous  compounds,  would  have  the 
ability  to  attack  large  numbers  of  proteins,  thus  appearing  to  be  entirely 
without  specificity. 

Experiments  similar  to  the  ones  described  in  the  foregoing  are 
apparently  unmentioned  in  the  literature.  Consequently  the  results 
may  offer  a  new  foundation  on  which  to  base  our  ideas  as  to  the 
specificity  of  bacterial  proteohiiic  enzymes.  That  these  enzymes  are 
not  specific  for  individual  proteins  has  been  the  opinion  of  many 
reliable  workers  and  yet  the  conclusion  that  one  and  the  same  enzyme 
breaks  down  all  proteins  does  not  follow  from  their  work.  They  also 
state  a  priori  that  it  is  unreasonable  to  assume  for  each  protein  and 
protein  derivative  a  special  enzyme.  The  results  of  our  experiments 
do  not  contradict  this.  They  indicate  rather  that  the  number  of 
ferments  which  a  bacterial  cell  can  liberate  is  limited  and  depends  on 
the  amino-acids  present. 

As  to  whether  the  amino-acids  in  the  free  and  in  the  combined  state 
exert  the  same  influence  on  enzyme  production  has  not  yet  been 
established.  The  results  obtained  by  growing  the  bacteria  on  the  usual 
protein  mediums  do  not  lead  to  definite  conclusions  concerning  this 
point  because  one  cannot  be  certain  that  these  proteins  do  not  contain 
some  free  amino-acids,  particularly  after  having  been  exposed  to  the 
high  temperatures  necessary  for  sterilization.  Some  experiments  at 
this  laboratory  to  determine  this  point  are  as  yet  unfinished,  but  it  is 
hoped  that  they  may  eventually  throw  some  light  on  the  subject.  The 
method  employed  is  as  follows :  Sterile  gelatin  is  subjected  under 
sterile  conditions  to  dialysis  for  a  time  sufficient  to  remove  from  it  all 
crystalloid  substances.  Then  sterile  salt  solution  is  added  to  give  the 
desired  salt  concentration  and  it  is  inoculated  with  bacteria  which  have 
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first  been  transplanted  several  times  on  the  mediums  containing  no 
organic  nitrogen.  The  object  of  these  transplants  is  to  obviate  the 
possibility  of  carrying  any  amino-acids  or  ferments  onto  the  gelatin 
along  with  the  bacteria.  As  can  easily  be  seen,  the  difficulties  in 
carrying  out  this  technic  are  great  and  as  yet  no  satisfactory  results 
have  been  obtained.  However,  by  a  technic  such  as  this  we  hope  to 
procure  some  further  definite  information  as  to  whether  pure  proteins 
stimulate  the  production  of  enzym.es.  This  would  confirm  the  work 
of  Sperry  and  Rettger,^^  who  found  that  pure  egg  albumin,  serum 
albumin,  and  edestin  were  unattacked  by  a  variety  of  proteolytic  bac- 
teria in  the  absence  of  other  organic  sources  of  nitrogen. 

But,  whatever  the  results  of  this  experiment  may  prove  to  be,  the 
conclusions  from  those  already  completed  will  be  unaffected,  namely, 
that  the  amino-acids  are  important  factors  in  the  determination  of  the 
nature  of  the  enzymes  which  are  formed,  and  that  these  enzymes  are 
probably  not  specific  for  the  proteins  but  rather  for  the  amino-acids 
which  go  to  make  them  up. 

In  regard  to  the  enzymes  formed  on  complex  proteins  several  pos- 
sibilities suggest  themselves:  (1)  that  only  one  enzyme  is  formed,  and 
that  this  is  modified  by  the  presence  of  the  various  amino-acids  so  as 
to  attack  them  all,  or  (2)  that  a  separate  enzyme  is  formed  to  corre- 
spond to  each  amino-acid  present,  and  that  these  different  enzymes  are 
present  approximately  in  the  same  proportion  as  the  amino-acids  which 
stimulated  their  formation.  From  our  work  the  latter  possibility  seems 
the  more  probable,  although  none  of  the  results  show  this  conclusively. 

With  such  results  as  a  basis,  we  may  be  able  to  modify  somewhat 
our  ideas  of  the  formation  and  the  action  of  bacterial  proteolytic 
enzymes.  First  of  all,  the  enzymes  ar^  dependent  on  some  inherent 
property  of  the  organisms  themselves.  This  is  evident  from  the  fact 
that  some  bacteria  do  not  have  the  ability  to  form  certain  ferments, 
no  matter  on  what  mediums  or  under  what  conditions  they  are  culti- 
vated. For  example,  B.  typhosus  and  B.  dysenteriae,  etc.,  have  never 
been  known  to  form  gelatinolytic  nor  caseinolytic  enzymes,  and, 
although  B.  coli  produces  an  enzyme  which  will  form  indol  from 
peptone,  it  liberates  none  which  will  attack  gelatin. 

A  second  factor,  or  group  of  factors,  which  influences  enzyme 
formation  may  be  called  general  conditions.  This  includes  the  tem- 
perature, the  reaction  of  the  medium,  the  time  of  growth,  etc.,  all  of 

"  Jour.   Biol.    Chem.,    1915,   20.   p.    445. 
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which  have  a  greater  or  less  effect  on  the  production  of  enzymes  by 
bacteria,  and  on  which  much  exhaustive  work  has  been  done  by  such 
men  as  Kendall,  Von  Groer,  Jordan,  Abbott  and  Gildersleeve,  Bertiau. 
Emmerick,  Fermi,  etc.  Their  work  shows  that  in  the  formation  of 
enzymes  there  is  for  each  organism  a  maximum,  minimum  and  opti- 
mum temperature,  and  that  in  most  cases  the  optimum  is  about  2)7  C. 
The  optimum  chemical  reaction  is  also  variable,  a  very  slightly  alkaline 
medium  seeming  best  for  the  production  of  most  enzymes.  However, 
as  they  will  act  nearly  as  well  in  a  neutral  or  slightly  acid  medium, 
this  point  seems  to  be  of  no  great  importance.  The  quantity  of 
enzymes  present  in  cultures  of  different  ages  has  been  discussed  earlier 
in  this  paper.  All  of  these  observations,  although  of  importance  in 
the  study  of  enzymes,  show  differences  of  quality  only  and  so  are  not 
particularly  pertinent  to  this  question,  for  which  reason  they  will  not 
be  discussed  in  greater  detail. 

A  third  and  most  important  factor  in  determining  the  character  of 
the  enzymes  produced  is  the  composition  of  the  medium  on  >vhich  thev 
are  formed.  This  is  demonstrated  by  the  experiments  reviewed  in  this 
paper,  the  results  of  which  may  be  put  in  general  terms  as  follows : 
If  a  protein  medium  is  inoculated  with  an  organism  which  has  the 
ability  to  form  ferments  to  correspond  to  a  large  number  of  amino- 
acids,  enzymes  which  will  attack  practically  any  protein  can  be  obtained 
from  the  culture.  This  may  be  due  to  the  fact  that,  apparently  at 
least,  ferments  are  formed  to  correspond  to  all  of  the  amino-acids 
present,  and  that  these  ferments  then  attack  the  acids  in  whatever 
form  they  find  them.  On  mediums  containing  less  complex  nitrogen- 
ous substances  or  only  amino-acids  the  same  bacteria  will  give  off 
ferments  to  correspond  only  to  the  amino-acids  present,  and  these 
ferments  will  attack  only  substances  containing  these  same  acids. 
The  vigor  with  which  they  will  attack  these  substances  seems  to 
depend  on  the  relative  amino-acid  content  of  the  mediums  on  which 
they  are  formed  and  that  on  which  they  act,  namely,  if  the  medium  on 
which  the  enzymes  are  formed  contains  only  asparagin  and  glycocoll 
and  the  medium  on  which  they  are  inoculated  contains  only  a  small 
percentage  of  one  or  the  other,  the  digestive  action  will  be  much  less 
marked  than  it  would  be  if  the  protein  medium  contained  more  of  one 
or  both  of  the  same  acids.  That  is,  the  amino-acid  content  of  the 
medium  determines  the  specificity  of  the  enzymes  formed. 
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On  the  basis  of  these  findings  it  seems  that  many  of  the  so-called 
"irregularities  of  bacterial  action"  may  be  explained.  Every  bac- 
teriologist finds  organisms  which,  although  corresponding  according  to 
morphology  and  pathogenicity  to  known  types,  show  some  "irregu- 
larity" in  their  action  on  culture  mediums.  Later,  on  a  different  lot 
of  mediums  or  possibly  at  a  different  laboratory,  the  same  organism 
may  show  the  action  on  culture  mediums  which  was  previously 
expected,  and  the  worker,  at  a  loss  for  an  explanation,  concludes  that 
it  is  merely  another  example  of  the  "irregularity  of  bacterial  action." 
Occasionally  there  may  be  some  truth  to  this  conclusion,  but  probably 
very  often  this  "irregularity"  would  never  have  appeared  if  the  chem- 
ical composition  of  mediums  were  always  the  same. 

These  same  observations  of  the  effect  of  mediums  on  bacterial 
ferments  will  probably  furnish  an  explanation  for  many  of  the  "new 
strains"  of  bacteria  which  are  described,  but  are  never  verified  by 
other  workers.  They  usually  differ  from  well  established  strains  only 
in  some  minor  points,  and  slight  differences  in  the  chemical  composi- 
tion of  the  mediums  on  which  they  are  grown  could  well  account  for 
these. 

Another  phenomenon  for  which  this  conception  of  ferment  activity 
seems  to  offer  an  explanation  is  the  apparent  incongruity  of  the  action 
of  some  bacteria  on  mediums.  For  example,  B.  proteus  and  B.  sub- 
tilis  are  well  known  to  be  strongly  proteolytic  and  exhibit  typical  pro- 
teolytic actions,  such  as  the  liquefaction  of  gelatin  and  the  formation 
of  indol.  On  the  other  hand,  B.  coli  and  some  of  the  dysentery  group, 
although  without  action  on  gelatin,  still  form  indol  in  large  amounts 
from  peptone.  These  organisms  are  not  considered  proteolytic  and 
yet  they  unquestionably  exhibit  proteolytic  activity  when  they  split 
off  tryptophan  from  peptone  and  then  break  down  the  tryptophan 
itself  to  form  indol.  If  we  accept  the  theory  that  all  proteolytic 
enzymes  are  the  same,  we  must  expect  these  organisms  which  show 
proteolysis  on  peptone  to  liquefy  gelatin.  On  the  other  hand,  if  we 
consider  this  in  view  of  the  findings  given  in  this  paper,  the  action  does 
not  appear  at  all  surprising.  Here  are  several  organisms  which  have 
the  inherent  ability  to  form  enzymes  which  will  attack  only  one  amino- 
acid  and  that  is  tryptophan.  And  in  peptone  we  have  a  protein  deriva- 
tive which  contains  tryptophan,  while  gelatin  is  a  protein  in  which  no 
tryptophan  is  present.     The  explanation  is  self  evident  on  this  basis. 
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conclusions 

On  a  medium  containing  no  organic  nitrogen,  no  proteolytic 
enzymes  are  formed  by  bacteria. 

On  gelatin,  casein,  broth,  agar,  and  peptone  enzymes  are  formed 
which  will  digest  both  gelatin  and  casein. 

The  ferments  obtained  from  mediums  containing  amino-acids  as 
the  only  source  of  organic  nitrogen  show  various  actions.  The  ones 
from  asparagin  digest  both  gelatin  and  casein ;  on  glycocoli,  no  caseases 
are  liberated ;  and  on  tyrosin,  no  gelatinases. 

Proteolytic  enzymes  are  apparently  formed  to  correspond  to  the 
different  amino-acids  present  in  the  medium  and  will  then  attack  these 
acids  whether  combined  or  free. 

These  enzymes  are  not  preformed  in  the  bacterial  cell  but  are 
dependent  on  the  content  of  the  medium  on  which  it  grows. 

The  specificity  of  proteolytic  enzymes  is  resident  in  the  amino-acids 
composing  the  proteins  and  not  in  the  proteins  themselves. 

Differences  in  the  chemical  constituents  of  mediums  may  account 
for  many  of  the  unverified  "new  strains"  of  bacteria,  the  differentia- 
tion of  which  is  based  on  some  minor  phase  of  their  action  on  culture 
mediums. 
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OUR  knowledge  of  mouth  bacteria 
and  their  relationships  to  patho- 
logical conditions  in  and  about  the 
teeth  is  in  a  somewhat  chaotic  condi- 
tion, and,  at  the  present  time,  when  in- 
terest in  this  branch  of  knowledge  is  un- 
dergoing a  revival,  it  is  perhaps  wise  to 
stop  a  moment  and  sum  up  what  has  al- 
ready been  established.  The  pioneer 
work  of  Miller  has  not  been  followed  by 
productive  investigations  comparable  to 
those  made  in  other  fields  of  bacteriol- 
ogy. There  are  several  reasons  for  this. 
In  the  first  place,  the  field  has  not  prom- 
ised to  yield  immediate  tangible  results 
of  practical  value,  and  during  the  youth 
of  bacteriology  as  a  science  its  investi- 
gators have  largely  been  led  to  more 
fertile  fields.  Therefore,  a  considerable 
amount  of  the  work  published  has  been 
carried  on  by  dentists,  inspired  by  con- 


siderable enthusiasm  for  the  work  but 
frequently  lacking  the  training  necess- 
ary for  conducting  accurately  investiga- 
tions in  so  highly  specialized  a  science. 
For  this  reason  many  of  the  micro-organ- 
isms described  as  new  varieties  asso- 
ciated with  dental  disease  may  prob- 
ably be  contaminating  bacteria  falsely 
identified.  A  bacteriological  judgment 
must  be  developed  before  such  work  can 
be  intelligently  interpreted.  In  the  sec- 
ond place,  the  flora  of  the  mouth  is  so 
vast  both  in  numbers  and  species,  and 
so  hard  to  cultivate,  that  the  technical 
difliiculties  have  been  almost  insurmount- 
able. Thus  Kiister  states  that  "All  of 
the  authors  who  have  sought  to  clear 
up  the  bacteriology  of  the  mouth  by 
classifying  every  pure  culture  grown 
from  the  mouth  were  soon  at  the  end  of 
their   ability.    ♦    *    *    Miller   alone   culti- 
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vated  over  a  hundred  different  kinds  of 
bacteria  in  a  few  weeks."  Such  attempts 
at  classification  have  seldom  served  any 
useful  purpose.  On  account  of  the  fail- 
ure of  subsequent  observers  to  differ- 
entiate accurately  between  contaminat- 
ing germs  and  those  actually  present  in 
the  mouth,  or  between  accidental  visi- 
tants and  normal  inhabitants  of  the 
mouth;  on  account  of  their  failure  to  de- 
termine accurately  the  biological  charac- 
ters or  biochemical  activities  of  the  var- 
ious mouth  bacteria,  or  their  pathogenic 
potentialities,  Miller's  vast  collection  of 
names  and  descriptions  has  remained  to 
us   an  almost   useless   inheritance. 

From  time  to  time  there  have  been 
described  micro-organisms  for  which 
their  discoverers  have  claimed  a  specific 
relationship  to  one  or  another  dental  dis- 
ease. None  of  these,  however,  has  stood 
the  test  of  subsequent  investigations 
and  we  are  forced  to  believe,  until  strong- 
er proof  is  forthcoming,  that  in  dental 
infections  we  have  to  deal  only  with 
those  organisms  normally  present  in  the 
healthy  mouth.  This  conclusion  has  a 
corollary,  namely,  that  the  mere  pres- 
ence of  bacteria  will  not  cause  dental 
infectious,  or  we  would  all  suffer  from 
such  diseases.  Koch's  postulates  cannot 
be  fulfilled.  We  may  determine  in  a 
general  way,  by  animal  inoculation,  the 
pathogenicity  of  the  various  germs  en- 
countered, but  we  cannot  reproduce,  with 
the  bacteria  alone,  the  same  dental  les- 
ions with  which  they  are  associated  in 
human  mouth.  This  has  led  a  number  of 
dentists  to  view  with  skepticism  the  eti- 
ological relationships  of  bacteria  and  to 
seek  the  causes  of  dental  disease  else- 
where, as  in  disturbed  metabolism,  etc. 
While  it  is  probably  true  that  mouth  in- 
fections require  in  their  etiology  some 
other  factor,  be  it  constitutional  disturb- 
ance (such  as  diabetes  and  scurvy),  or 
a  local  condition  (such  as  accumulated 
tartar  or  an  ill  fitting  denture;)  yet  a 
careful  examination  of  the  changes 
wrought   in   the   damaged    tissues    leads 


one  inevitably  to  the  conclusion  that 
these  changes  are  the  work  of  bacteria. 

While  a  great  many  varieties  of  micro- 
organisms have  been  recorded  as  occur- 
ring in  the  mouth,  there  are  only  a  few 
which  have  been  found  so  constantly  and 
in  sufficient  numbers  that  they  can  be 
considered  characteristic  of  this  region. 
They  have  therefore  been  the  object  of 
more  intensive  study.  Fortunately,  with- 
in recent  years  bacteriologists  have  large- 
ly abandoned  the  thankless  task  of  class- 
ifying mouth  bacteria  and  have  devoted 
themselves  to  studying  the  varying  flora 
in  different  parts  of  the  mouth  at  dif- 
ferent ages,  the  influence  of  varying  con- 
ditions of  cleanliness  and  health  upon 
the  mouth  flora,  and  particularly  to  learn 
the  disease-producing  powers  of  the  var- 
ious mouth  bacteria.  Bearing  in  mind 
that  practically  all  of  the  dental  diseases 
are  the  result  of  the  invasion  of  the 
teeth  and  their  investing  tissues  by  mi- 
cro-organisms, we  propose  here  to  re- 
view some  of  these  studies  and  to  sum 
up  the  facts  which  we  believe  have  been 
established. 

The  distribution  of  bacteria  in  vari- 
ous parts  of  the  mouth,  and  the  changes 
in  the  bacterial  flora  at  different  ages 
have  been  the  object  of  a  number  of  stud- 
ies. These  have  been  reviewed  and 
considerably  added  to  Madame  Brailov- 
sky-Lounkevitch  in  a  paper  entitled, 
"Contribution  a  I'etude  d  la  Flore  Mi- 
crobienne  Habituelle  de  la  Bouche  Nor- 
male"  (Annales  de  I'Institut  Pasteur, 
August,  1915,  xxix,  p.  379.)  This  author 
has  examined  smears  and  cultures  from 
tongue,  cheeks,  and  gums  of  a  number 
of  individuals  varying  from  new  born  in- 
fants to  adults.  As  in  all  such  studies, 
a  large  number  of  adventitious  or  acci- 
dental microbes  have  been  encountered; 
thus  the  Pneumococcus  was  frequently 
encountered  in  the  mouths  of  infants  in 
hospitals,  but  was  usually  absent  in 
children  at  home.  These  organisms,  not 
essentially  oral  in  their  habitat,  have 
been  recognized  and  noted  by  the  author 
as  accidental  visitants. 
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Her  investigations  have  established 
certain  important  facts.  The  mouth  at 
birth  is  sterile.  From  the  6th  to  10th  hours 
it  begins  to  have  a  bacterial  flora,  rec- 
ognizable at  the  10th  hour  by  direct  mi- 
croscopic examination.  The  first  organ- 
isms found  are  various  cocci  (staphylo- 
cocci, streptococci,  the  pigment-forming 
cocci  of  the  air)  and  spore-bearing  air 
bacteria.  From  the  first  week  until  the 
appearance  of  dentition  there  is  but  one 
organism  which  may  be  considered  con- 
stant, the  Streptococcus  salivarius.  From 
the  twelfth  day  it  is  the  predominant 
species. 

With  the  appearance  of  teeth,  the  flora 
which  was  previously  uniform  thruout 
the  mouth,  changes;  there  are  added 
certain  other  species  which  live  by  pref- 
erence in  the  gingival  crevice  and  in- 
terproximal spaces.  These  are  the  lepto- 
thrix  threads,  the  spirochaetes,  and  cer- 
tain anaerobic  bacteria.  They  are  con- 
stant and  characteristic  mouth  bacteria, 
but  their  presence  is  to  be  explained  not 
by  any  change  in  the  constitution  of*  the 
tissues  of  the  mouth,  but  in  the  forma- 
tion of  spaces  where  food  material  may 
accumulate  and  putrefaction  may  occur; 
they  are  putrefactive  bacteria.  The  flora 
of  the  adult  mouth  is  practically  the 
same  as  that  of  the  Infant  after  dentition. 
The  Streptococcus  salivarius,  occurring 
as  diplococci  or  short  chains  on  the 
squamous  epithelial  cells,  still  forms  the 
predominant  species;  on  the  cheeks  it  is 
practically  the  only  organism,  but  on 
the  tongue  may  be  accompanied  by  some 
of  the  rods  and  spiral  forms  noted  on  the 
gums. 

Recognizing  the  fallacy  of  the  older  in- 
vestigations of  the  bacteriology  of  the 
mouth,  Kligler  has  studied  quantitatively, 
and  apparently  with  some  accuracy,  the 
bacteria  occurring  on  tooth  surfaces  and 
in  cavities.  By  an  ingenious  technic  the 
material  removed  was  weighed  and  prop- 
erly diluted.  Counts  were  made  both  by 
direct  observation  thru  the  microscope 
and  by  plating  on  various  media.  In  this 
manner,  not  only  was  the  actual  number 


of  organisms  present  determined,  but  the 
infrequent  and  accidental  forms  were  ex- 
cluded, and  the  relative  numbers  of  the 
different  kinds  of  bacteria  were  made 
known.  His  studies  yielded  some  very 
interesting  results.  The  cases  studied 
were  divided  into  nine  groups  accord- 
ing to  the  condition  of  the  mouth,  start- 
ing with  "Immunes"  and  passing  thni 
increasing  degrees  of  mouth  dirtiness  to 
advanced  stages  of  caries.  There  .was 
found,  naturally,  a  progressive  increase 
in  the  number  of  bacteria  present  from 
the  first  to  the  last  groups.  More  inter- 
esting, however,  were  the  findings  in  re- 
gard to  the  relative  numbers  of  the  var- 
ious groups  of  organisms  present.  The 
streptococci,  which  form  almost  one- 
half  of  the  organisms  on  the  tooth  sur- 
face in  the  healthy  immune  mouth,  grad- 
ually decrease,  and  in  caries  are  largely 
replaced  by  other  forms,  particularly  the 
rods.  It  is  to  be  pointed  out  that  this 
decrease  is  only  relative,  and  that  if 
Kligler's  percentages  be  converted  into 
actual  numbers  there  is  found  a  very 
considerable  increase  of  streptococci  in 
the  dirty  and  carious  mouth.  It  is  to  be 
noted  also,  from  his  tables  that,  while 
the  actual  numbers  of  organisms  in  the 
dirty  mouth  is  much  greater  than  in  the 
clean,  the  relative-  proportions  of  the  var- 
ious groups  remains  much  the  same.  Car- 
ies alone,  apparently,  disturbs  this  rela- 
tionship. 

From  a  superficial  examination  of  Klig- 
ler's data  we  are  persuaded  to  believe 
streptococci  are  a  negligible  factor  in 
caries,  since  they  are  relatively  replaced 
on  the  decayed  tooth  surface  by  other 
bacteria,  particularly  acid-producing  ba- 
cilli. Such,  in  fact,  are  his  conclusions. 
Nevertheless,  after  a  careful  considera- 
tion of  the  data  at  hand,  we  are  unable 
to  concur  in  this  opinion.  We  see  In 
Kligler's  figures  merely  a  confirmation 
of  the  facts  brought  forth  by  Brailov- 
sky-Lounkevitch,  namely,  that  when  con- 
ditions of  uncleanliness,  and  especially 
of  decay,  are  present  in  the  mouth,  sa- 
prophytic   bacteria    tend    to    replace    the 
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purely  parasitic  mouth  streptococcus, 
capable  of  living  on  the  clean,  healthy 
mucous  membrane.  It  may  be  that  dead 
dentine  forms  the  pabulum  of  choice 
for  certain  saprophytic  mouth  bacteria. 
Kligler  also  offers  as  evidence  to  support 
his  view,  the  high  acid-producing  power 
of  the  bacilli  isolated.  But  it  is  to  be 
pointed  out  that  mouth  streptococci 
themselves  are  no  mean  competitors  in 
this"  regard.  Moreover,  acid-production 
alone  is  not  sufficient  evidence  that  an 
organism  is  the  cause  of  caries.  It  may 
well  be  that  the  final  dissolution  of  den- 
tine is  due  to  acid-production  by  certain 
bacilli,  but  it  must  also  be  remembered 
that  dentine  is,  while  relatively  inert, 
nevertheless  a  living  tissue;  it  has  its 
organic  matrix  in  vital  relation  with  the 
odontoblasts  and  nourished  from  the 
pulp.  Being  a  vital  tissue  it  is  more  or 
less  resistant  to  infection;  no  satisfac- 
tory chemical  or  physical  theory  h^s  as 
yet  explained  immunity  to  caries.  And 
any  organism,  to  be  accepted  as  the 
cause  of  caries,  must  exhibit  an  ability 
to  invade  and  overcome  living  tissues, 
qualities  which,  as  we  shall  see  later, 
are  possessed,  par  excellence,  by  the 
streptococci. 

We  have  already  mentioned  that  there 
occur  in  dental  infections  only  a  few 
varieties  of  organisms  which  are  present 
in  sufficient  numbers  or  with  such  con- 
stancy that  they  may  be  considered  as 
possible  etiological  factors  in  these  dis- 
eases. We  propose  next  to  consider  in- 
dividually these  various  organisms  and 
to  review  the  more  important  papers 
bearing  upon  their  virulence,  since  a 
study  of  the  pathogenic  properties  of 
the  bacteria  concerned  is  of  prime  im- 
portance in  establishing  their  relation- 
ship to  mouth  infections.  This  property 
of  virulence  is  itself  made  up  of  two  more 
or  less  interdependent  factors,  the  ability 
of  the  organisms  to  invade  living  tissues, 
and  their  power  of  forming  toxines. 
Since  none  of  the  mouth  bacteria  con- 
cerned in  dental  infections  produce,  so 
far  as  is  known,  soluble  toxines  or  very 


potent  endotoxines,  we  may  confine  our 
observations  to  the  invasive  powers  of 
the  micro-organisms.  Bacteria  may  in- 
vade the  tissues  locally  (microscopic  and 
cultural  studies  of  their  presence  in  the 
deeper  parts  of  the  teeth  and  their  in- 
vesting tissues)  or  may  invade  the  blood 
and  lymph  channels  and  produce  lesions 
in  distant  parts  (metastatic  infections). 
We  may  also  demonstrate  the  invasive 
powers  of  organisms  by  their  ability  to 
survive  and  multiply  when  experimental- 
ly inoculated   into  laboratory  animals. 

The  organisms  which  we  believe  de- 
serve consideration  in  this  study  are  the 
fusiform  bacilli,  the  mouth  spirochaetes, 
the  Leptothrix  buccalis,  the  Endamoeba 
buccal  is,  the  mouth  staphylococci,  and 
the  streptococci.  Of  these,  we  hope  to 
show  that  the  last  group  alone,  the  strep- 
ococci,  are  the  primary  cause  of  the  var- 
ious dental  infections;  caries,  pulpitis, 
alveolar  abscess  and  pyorrhea. 

Fusiform  Bacilli.  The  spindle-shaped 
bacteria  of  the  mouth  first  observed  by 
Plant  and  Vincent  in  a  characteristic 
type  of  ulcerative  tonsillitis  have  been 
considered  by  many  to  be  specific  organ- 
isms and  the  cause  of  that  disease,  com- 
monly called  Vincent's  angina.  It  has 
since  been  shown,  however,  that  they  are 
normal  inhabitants  of  the  healthy  mouth 
and  that  they  may  be  associated  with  a 
wide  variety  of  ulcerative  and  gangren- 
ous processes  in  various  parts  of  the 
body.  They  are,  however,  rather  widely 
distributed  in  nature  and  have  been 
found  in  many  of  the  lower  animals. 

Morphotogically,  the  organism  is  char- 
acteristic. Its  tapering  pointed  ends,  and 
the  presence  of  certain  peculiar  granules, 
staining  deeply  with  those  dyes  that 
have  an  affinity  for  chromatin,  permit  of 
its  immediate  identification  under  the 
microscope.  Certain  discrepancies  in 
the  reports  of  various  observers  on  the 
reaction  to  Gram's  stain  and  the  motility 
of  these  organisms  seem  to  indicate  that 
several  species  have  been  included  under 
the  name  Bacillus  fusiformis,  and  our 
own  observations  of  forms  found  in  pyor- 
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rhea  pus  have  convinced  us  that  there 
may  be  found  here  two  distinct  species, 
both  spindle-shaped  and  containing  nu- 
clear granules,  but  differing  in  the  follow- 
ing features:  one  (and  this  is  the  i^rer 
of  the  two)  is  somewhat  thicker,  is  Gram 
negative,  possesses  active  motility,  and 
has  numerous  peritrichic  flagella,  while 
the  other  is  more  slender.  Gram  positive, 
motionless,  and  tends  to  gather  in 
clumps. 

The  fusiform  bacillus  may  be  culti- 
vated anaerobically  in  media  containing 
blood  serum.  It  "requires  considerable 
time  and  patience  to  obtain  a  pure  cul- 
ure.  In  culture  media  the  morphology 
changes  somewhat,  the  organisms  tend- 
ing to  grow  out  in  longer  filaments,  and 
in  older  cultures  and  upon  certain  media 
there  is  a  tendency  to  produce  bizarre 
involution  forms,  the  rods  twisting  up  into 
spiral  forms.  In  cultures  there  is  pro- 
duced a  most  disagreeable  odor  of  putre- 
faction which  is  characteristic  and  is 
identical  with  the  odor  in  the  mouth 
noted  in  ulcerative  and  gangrenous  pro- 
cesses; the  same  odor  is  frequently  not- 
ed in  opening  old  alveolar  abscesses  and 
gangrenous  pulps. 

The  fusiform  bacilli  are  almost  invaria- 
bly associated  with  certain  spirochaetes. 
They  are  found  in  the  healthy  mouth  in 
relatively  small  numbers,  in  the  gingival 
crevices  and  interproximal  spaces,  and 
in  the  tonsilar  crypts.  They  are  always 
present  in  increased  numbers  in  pyor- 
rhea pus.  They  are  particularly  associ- 
ated, however,  with  ulcerative  and  gan- 
grenous processes. 

They  have  been  found  in  large  num- 
bers in  certain  types  of  ulcerative  stoma- 
titis, particularly  gingivitis,  and  in  the 
characteristic  form  of  ulcerative  tonsil- 
litis mentioned  above.  They  form  a  large 
part  of  the  mixed  flora  of  noma,  or  gan- 
grenous stomatitis.  They  were  first  ob- 
served by  Vincent  in  hospital  gangrene 
a  type  of  gangrenous  wound  infection 
seldom  seen  since  the  advent  of  asepsis. 
They  occur  in  the  lesions  of  the  feet  and 
legs  known  as  tropical  ulcer.     In  all  of 


these  conditions,  however,  the  organisms 
are  found  in  the  superficial  portions:  the 
surface  exudate,  the  dead  tissues,  or,  at 
most,  the  very  superficial  part  of  the  ac- 
tive process  in  the  living  tissue.  In  this 
respect,  i.  e.,  their  inability  to  invade  the 
tissues,  they  resemble  the  diphtheria 
bacillus,  but  differ  in  that  they  form  no 
demonstrable  toxine  that  may  be  ab- 
sorbed and  destroyed  tissues.  They  never 
occur  in  these  lesions  in  pure  form,  but 
are  invariably  associated  with  cocci,  with 
spirochaetes,  and  usually  thread  forms. 
Moreover,  they  have  frequently  been 
found  associated  with  ulcerative  and 
gangrenous  processes  in  which  the  cause 
is  known;  thus,  we  find  them  multiply- 
ing in  tissues  rendered  gangrenous  by 
interference  with  circulation,  or  by  frost- 
bite, in  the  ulcers  of  syphilitic  and  mer- 
curial stomatitis  and  diphtheria. 

Metastatic  infections  with  fusiform 
bacilli  £tre  exceedingly  rare,  and  if  we 
exclude  those  cases  in  which  other  bac- 
teria occurred  in  the  metastatic  ab- 
scesses, we  have  but  six  cases  to  record. 
Ghon  and  Mucha  reported  two  cases  of 
brain  abscess  secondary  to  bronchiec- 
tasis and  gangrenous  appendicitis  re- 
spectively, in  both  of  which  there 
were  found  fusiform  bacilli  and 
long  thread-like  forms.  The  latter  re- 
sembled the  involution  forms  of  fusiform 
bacilli  observed  in  cultures.  Kasper  and 
Kern  saw  a  similar  case  in  which  the 
same  forms  were  noted  in  multiple  ab- 
scesses secondary  to  appendicitis.  The 
long  threads,  in  their  case,  grew  in  cul- 
tures to  look  like  the  normal  fusiform 
bacillus.  Rosenow  and  Tunnicliffe  had  a 
very  similar  case.  Friihwald  noted  fusi- 
form bacilli  alone  in  a  brain  abscess  fol- 
lowing a  wound  of  the  pharynx.  Larson 
and  Barron  obtained  a  pure  culture  of 
fusiform  bacilli  from  the  blood,  from  a 
patient  dying  of  ulcerative  stomatitis  and 
gangrenous  infiammation  of  the  superior 
maxilla. 

These  few  cases  alone  do  not  furnish 
any  proof  of  the  pathogenicity  of  the  fusi- 
form bacilli.    In  all  but  two  of  them  there 
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occurred  long  thread  forms  as  well  as  the 
fusiform  bacilli,  which  may  or  may  not 
be  involution  forms.  In  all  but  one  they 
occurred  in  patients  weakened  by  the  in- 
toxication of  an  extensive  gangrenous 
process.  The  other  cases  of  metastatic 
infection  in  which  fusiform  bacilli  were 
found  have  all  shown  other  organisms  as 
well,  particularly  pyogenic  cocci,  so  that 
we  cannot  consider  them  as  offering  any 
evidence  of  the  invasive  properties  of 
the  bacilli.  Most  of  them  contained  a 
great  variety  of  organisms,  indicating 
that  the  metastasis  occurred  by  direct 
extension  from  one  of  the  body  surfaces, 
or  that  gross  particles  containing  a  num- 
ber of  bacteria  were  mechanically  set 
free  into  the  blood  stream;  they  do  not 
indicate  any  ability  of  the  bacteria  to  in- 
vade the  vascular  channels.  Such  cases 
are  those  reported  by  Veszpermi,  Costa, 
Silberschmidt,  Feldman,  Dick,  and  the 
second  case  of  Kasper  and  Kerri. 

The  direct  inoculation  of  pure  cultures 
of  the  Bacillus  fusiformis  into  laboratory 
animals  fails  to  produce  any  infection. 
It  is  true  that  EUermann  noted  small  lo- 
cal abscesses  following  subcutaneous 
inoculation  into  a  guinea-pig,  and  Paul 
was  able  to  produce  a  purulent  peritoni- 
tis with  one  culture  obtained  from  pyor- 
rhea pus,  but  these  observations  stand 
alone  in  a  large  series  of  experiments 
carried  on  by  many  investigators  in 
which  sometimes  very  large  doses  were 
injected  subcutaneously,  intraperitoneal- 
ly,  intravenously,  intraocularly,  and  in- 
tratesticularly  into  a  variety  of  animals. 
The  inoculation  of  pus  from  metastatic 
abscesses  in  which  the  fusiform  bacillus 
alone  was  found  has  resulted  negatively 
in  those  cases  where  such  experiments 
were  performed.  On  the  other  hand,  the 
direct  inoculation  of  pus,  or  material 
from  the  mouth,  in  which  the  organism 
occurred  together  with  other  bacteria, 
has  yielded  positive  results  in  some 
cases.  These  experiments  have  been  re- 
ported by  Veszpremi,  Silberschmidt,  and 
Costa;  the  latter  found  that  the  fusiform 
bacilli  survived  in  guinea-pigs  after  some 


weeks.  Such  experiments,  however,  can- 
not be  offered  as  proof  that  the  organ- 
isms are  primarily  virulent;  they  merely 
show  that  the  fusiform  bacillus  can  sur- 
vive and  multiply  in  pus  and  necrotic  tis- 
sue produced  by  the  pyogenic  cocci  in  the 
original  material. 

Of  dental  lesions,  the  fusiform  bacilli 
are  found  more  constantly  in  pyorrhea 
than  in  other  diseases.  They  prefer  the 
gingival  crevice,  and  are  not  numerous 
on  tooth  surfaces,  even  when  the  latter 
are  filthy  and  loaded  with  bacteria.  They 
are  not  prominent  in  "caries  and  are  not 
at  all  present,  as  far  as  we  can  learn,  in 
the  deep  layers  of  carious  dentine.  They 
are  frequently  present  in  chronic  alveo- 
lar abscesses,  but  are  not  constant.  In 
pyorrhea  pus,  however,  we  have  seldom 
found  them  absent,  and  they  are  usually 
present  deep  in  the  pockets.  We  have 
been  unable  to  demonstrate  their  pres- 
ence in  the  tissues  in  microscopic  sec- 
tions from  pyorrhea. 

Gins  states  that  "The  Bacillus  fusi- 
formis, as  well  as  the  spirochaetes,  both 
apparently  require  a  special  preparation 
of  the  body  tissues  before  they  can  multi- 
ply in  them,"  and  EUermann  arrives  at 
similar  conclusions;  after  noting  that 
these  organisms  multiply  to  a  considera- 
ble extent  in  diphtheria  and  other  infec- 
tions, the  latter  author  states  that  the 
fusiform  bacilli  may  in  Vincent's  angina 
and  noma  also  live  a  purely  saprophytic 
existence,  acting  as  harmless  commen- 
sals rather  than  active  pathogenes.  Aside 
from  the  very  few  cases  of  clear  metas- 
tatic infection,  there  is  no  evidence  that 
these  bacteria  are  capable  of  producing 
disease.  We  are  forced  to  conclude  that 
they  are  mere  camp  followers,  harmless 
putrefactive  germs  living  on  the  tissues 
killed  by  other  more  virulent  microor- 
ganisms. Therefore,  they  can  play  only 
a  secondary  role  in  the  etiology  of  dental 
disease. 

Mouth  spirochaetes.  Spiral  organisms 
from  the  mouth  are  illustrated  in  our 
oldest  bacteriological  records  (von  Lee- 
owenhoek)    and   have  occupied  a  promi- 
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nent  position  in  the  writings  of  all  who 
have  devoted  themselves  to  this  branch 
of  bacteriology.  We  must  differentiate 
the  rigid  bacterial  forms  moving  by 
means  of  flagella  (spirilla)  from  the  flexi- 
ble forms  moving  by  vibrations  of  the 
entire  cell  or  by  means  of  undulating 
membranes,  and  generally  classed  with 
the  protozoa  (spirochaeta).  To  the  for- 
mer class  belongs  the  Spirillum  sputige- 
num  of  Miller,  cultivated  by  him  aerobi- 
cally  on  gelatine.  The  latter  class  has 
only  recently  been  cultivated  and  re- 
quires apaerobic  conditions  and  special 
media. 

The  variations  in  size  and  the  number, 
depth,  and  regularity  of  the  spirals  indi- 
cate that  several  morphologically  dis- 
tinct species  of  spirochaetes  occur  in  the 
mouth,  and  a  large  number  of  names  for 
various  forms  are  recorded  in  the  litera- 
ture. Hartmann  and  Miihlens,  and  Hoff- 
mann and  von  Prowazek,  independently 
divided  the  mouth  spirochaetes  into  three 
species  with  distinct  morphological  char- 
acters and  have  to  a  considerable  extent 
removed  the  confusion  surrounding  this 
group  of  micro-organisms.  They  recog- 
nize a  Spirochaeta  buccalis,  the  largest 
form  with  a  few  broad,  flat  spirals;  a 
Spirochaeta  dentium,  the  smallest  form, 
with  more  numerous,  narrower,  and  reg- 
ular curves;  and  a  Spirochaeta  media 
exhibiting  morphological  characters  in- 
termediate between  the  other  two.  S. 
buccalis  stains  reddish  with  Giemsa's 
stain,  while  S.  dentium  talies  a  bluish 
tinge.  Miihlens  was  able  to  obtain  a  pure 
culture  of  the  smallest  form  in  horse 
serum  agar.  Noguchi  obtained  pure  cul- 
tures of  the  Spirochaeta  media  and 
Spirochaeta  dentium  and  established 
firmly  their  morphological  differences; 
he  gave  them  new  names,  Treponema 
macrodentium  and  Treponema  microden- 
tium,  thus  separating  them  altogether 
from  the  larger,  as  yet  uncultivated  form, 
Spirochaeta  buccalis.  Noguchi  later  cul- 
tivated, from  pyorrhea,  another  spiro- 
chaete  that  produced  mucin  and  a  fetid 


odor  in  cultures,  which  he  names  Trepo- 
nema mucosum. 

Mouth  spirochaetes  are  found  in  the 
same  areas  in  the  mouth  as  the  fusiform 
bacilli,  except  that  they  multiply  to  a 
greater  extent  on  tooth  surfaces  and  in 
the  necrotic  material  of  cavities.  They 
increase  in  numbers  in  similar  pathologi- 
cal condition,  i.  e.,  Vincent's  angina,  ulr 
cerativp  stomatitis  and  noma  and  are 
constantly  associated  with  the  spindle- 
shaped  bacteria  in  hospital  gangrene  and 
tropical  ulcer.  This  constant  association 
has  led  certain  investigators  to  suggest 
that  the  fusiform  bacilli  and  spirochaetes 
merely  represent  different  morphological 
stages  of  development  of  the  same  or- 
ganism (Plant,  and  Wright),  and  Tunni- 
cliffe  has  described  spiral  forms,  found 
in  old  cultures  of  fusiform  bacilli,  which 
she  believed  indicated  a  transmutation 
of  the  two  organisms;  similar  spiral 
forms  were  observed  by  Larson  and  Bar- 
ron. Shmamine,  however,  showed  that 
these  were  merely  involution  forms  of 
the  fusiform  bacilli,  and  had  nothing  in 
common  with  the  spirochaetes,  while  the 
subsequent  pure  cultivation  of  the  latter 
finally  proved  that  the  relationship  be- 
tween the  two  microbes  is  purely  sym- 
biotic. Moreover,  the  occurrence  of  eith- 
er form  with  exclusion  of  the  other  has 
been  reported  in  ulcerative  stomatitis 
(EUermann)  and  in  tropical  ulcer  (de 
Meyier),  while  the  occurrence  of  fusi- 
form bacilli  in  pure  culture  without  spi- 
rochaetes in  metastatic  abscesses  gives 
the  final  proof  that  the  organisms  are  dis- 
tinct. Their  almost  constant  occurrence, 
together  is  to  be  explained  by  their  simi- 
lar biological  characters,  requiring  anae- 
robic conditions  and  native  serum  for 
artificial  cultivation,  and  increasing  in 
the  body  in  the  presence  of  necrotic  tis- 
sue. 

Whether  the  spirochaetes  associated 
with  fusiform  bacilli  in  ulcerative  and 
gangrenous  conditions  are  identical  with 
those  found  in*  the  normal  mouth,  and  if 
so  to  which  species  they  belong,  is  not 
altogether    certain,    but    the    balance    of 
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evidence  seems  to  indicate  that  the  lar- 
ger Spirochaeta  buccalis  is  most  fre- 
quently found  in  this  symbiotic  rela- 
tionship. 

While  spirochaetes  have  been  found  to 
advance  slightly  beyond  the  fusiform  ba- 
cilli in  the  border  area  between  the  gan- 
grenous and  healthy  tissues  in  noma  (El- 
lermann,  Buday),  in  gangrene  of  the  lung 
(Buday)  and  in  tropical  ulcer  (Keysse- 
litz  and  Mayer),  we  have  been  unable  to 
demonstrate  their  presence  in  a  few  spe- 
cimens of  tissues  from  pyorrhea  stained 
by  Levaditi's  method,  nor  have  we  been 
able  to  obtain  any  other  evidence  of  their 
pathogenicity.  No  metastatic  infections 
have  been  reported  in  which  mouth  spiro- 
chaetes have  occurred  alone,  altho  they 
frequently  accompanied  the  fusiform  ba- 
cilli in  those  cases  to  which  we  have 
already  referred,  where  a  multiplicity  of 
bacterial  forms  were  found  in  abscesses 
secondary  to  gangrenous  processes. 
Moreover,  the  mouth  spirochaetes  in  pure 
culture  have  proven  non-pathogenic  for 
laboratory  animals.  Miihlens  obtained 
negative  results  from  his  inoculation  ex- 
periments. Noguchi  found  his  Trepone- 
ma macrodentium  would  produce  a  tem- 
porary induration  in  the  testicles  of  rab- 
bits and  supra-orbital  tissues  of  mon- 
keys; the  organisms,  however,  failed  to 
multiply  in  the  indurated  tissues.  With 
his  Treponema  mucosum  there  was  pro- 
duced a  small  amount  of  pus  in  the  testi- 
cle of  a  rabbit,  in  which  the  spirochaetes 
survived,  if  some  agar  (foreign  body)  was 
simultaneously  introduced  into  the  tis- 
sues. Paul  cultivated  both  fusiform 
bacilli  and  spirochaetes  in  pure  form  from 
pyorrhea  pus,  but  found  that  the  fusi- 
form bacilli  alone  would  produce  infec- 
tion in  guinea  pigs.  It  is  also  to  be  noted 
that  in  those  cases  where  positive  results 
were  obtained  from  the  direct  inoculation 
of  pus  containing  fusiform  bacilli  and 
spirochaetes  in  symbiosis,  the  former 
alone  survived  in  the  resulting  lesions 
(Costa).  We  must  therefore  conclude 
that  the  mouth  spirochaetes  are  without 
pathogenic  properties. 


Leptothrix  Buccalis.  Those  organisms 
growing  in  long  threads  form  so  conspic- 
uous and  easily  recognized  a  portion  of 
the  mouth  flora  that  in  the  early  articles 
on  this  subject  they  received  a  great  deal 
of  attention.  The  name  has  been  applied 
to  a  large  number  of  organisms,  and  the 
confusion  in  the  literature  is  almost  hope- 
less. By  various  writers  practically  all 
of  the  mouth  bacteria  have  been  consid- 
ered at  one  time  or  another  to  be  some 
stage  in  the  development,  or  mutation 
form,  of  this  micro-organism.  Miller 
clearly  recognized  this  confusion  and  the 
many  errors  in  the  work  of  his  predeces- 
sors, and  stated,  "As  absolutely  nothing 
was  known  concerning  the  biology  and 
pathogenesis  of  this  organism,  all  sorts 
of  wonderful  properties  were  ascribed  to 
it.  It  is  therefore  high  time  to  banish 
this  confusing  name  from  bacteriologi- 
cal writings." 

Miller's  work  was  published  in  1890, 
and  yet,  while  the  thread  forms  fail  to 
attract  attention  today  as  factors  in  the 
production  of  disease,  there  remains  al- 
most the  same  confusion  in  classification 
and  nomenclature.  We  are  to  differenti- 
ate those  larger  thread  forms  which  be- 
long to  the  higher  fungi,  or  moulds,  and 
which  are  occasionally  found  in  the 
mouth.  The  true  thread  fungi,  or  tricho- 
mycetes,  are  very  slender  filaments  with- 
out articulations,  altho  they  may  show 
irregularities  in  staining.  These  are 
subdivided  into  genera  according  to  the 
presence  or  abscence  of  branching. 
Branched  forms  are  given  the  name 
Streptothrix  and  such  forms  are  at  times 
found  in  the  mouth  and  have  been  culti- 
vated and  named  Streptothrix  buccalis  by 
Goadby;  they  have  also  been  studied  by 
Kligler.  No  distinguishing  characters 
are  given  by  these  authors,  however,  as 
means  by  which  they  can  be  differenti- 
ated from  the  similar  forms  so  constant 
in  air,  dust,  and  soil,  and  the  mouth 
forms  may  be  merely  accidental  visitors 
from  the  air,  like  B.  subtilis  and  B.  mes- 
entericus. 

The  term  leptothrix  should  be  applied 
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only  to  the  non-articulated  unbranched 
threads,  and  until  further  accurate  in- 
formation concerning  the  differentiation 
of  these  forms  is  available,  it  will  be  well 
to  retain  the  name  Leptothrix  buccal  is 
for  such  non-branching  thread  forms  as 
are  found  in  the  mouth,  keeping  in  mind, 
however,  that  the  name  probably  includes 
a  group  of  organisms  and  not  an  individ- 
ual species. 

Leptothrix  forms  are  found  in  inter- 
twining masses  on  tooth  surfaces  and  in- 
vade the  area  of  dead  dentine  in  caries. 
They  are  found  usually  also  in  the  gingi- 
val crevice  and  in  pyorrhea  pus.  They 
multiply  most,  however,  in  the  materia 
alba  on  the  surface  of  teeth,  and  their  ten- 
dency to  form  adherent  masses  has  been 
considered  of  importance  in  forming 
those  plaques  on  the  surface  of  enamel 
beneath  which  caries  is  supposed  by 
some  to  develop;  Klebs  saw,  in  these 
plaques,  the  nidus  about  which  salivary 
calculus  was  deposited.  While  in  the 
older  literature  many  local  and  general 
disease  conditions  were  ascribed  to  this 
organism,  it  has  not  been  shown  to  in- 
vade the  tissues  of  the  mouth  except 
when  such  tissues  are  dead.  Thus  it  is 
found  in  large  numbers  in  noma,  and 
was  considered  by  Perthes  to  be  an  etio- 
logical factor  in  that  disease;  invasion  of 
the  living  border  of  tissue  has  not,  howev- 
er, been  demonstrated.  While  leptothrix 
forms  have  been  found  in  some  cases 
of  endocarditis,  in  rat-bite  fever,  and  in 
the  urine  in  certain  cases  of  kidney  dis- 
ease, identity  of  these  organisms  with  the 
thread-bacteria  of  the  mouth  has  not  been 
established,  and,  save  for  the  instances 
to  be  cited  below,  we  can  find  no  records 
of  metastatic  infection  with  Leptothrix 
buccal  is.  The  organism  has  been  grown 
in  pure  culture  by  Kligler,  who  reports 
no  animal  experiments.  Wherry  and  Oli- 
ver also  claim  to  have  cultivated  this  or- 
ganism, but  likewise  failed  to  inoculate 
animals.  Thus  it  will  be  seen  that  the 
Leptothrix  buccal  is  has  not  been  proven 
to  have  any  pathogenic  properties. 

There   remains   to  describe   a   peculiar 


symbiotic  relationship  frequently  entered 
into  between  certain  fusiform  bacilli  and 
leptothrix  threads.  We  frequently  find 
on  tooth  surfaces  and  in  pyorrhea  pus, 
and  occasionally  in  apical  abscesses, 
small  granules  within  the  limits  of  visi- 
bility by  the  naked  eye,  which  under  the 
low  power  lens  of  the  microscope  are 
seen  to  be  composed  of  radiating  fila- 
ments with  swollen  extremities  which 
bear  a  remarkable  resemblance  to  the 
ray-fungi  of  actinomycosis.  Such  gran- 
ules are  also  frequently  found  in  the 
crypts  of  the  tonsils.  On  finer  examina- 
tion, however,  we  note  that  these  gran- 
ules are  composed  of  leptothrix  threads 
to  which  there  are  mechanically  adher- 
ent large  masses  of  fusiform  bacilli,  es- 
pecially at  the  extremity  of  the  threads, 
thus  producing  the  swollen  "clubs"  at 
the  periphery  of  the  granules.  The  struc- 
ture of  these  granules  has  been  demon- 
strated by  von  Beust,  Veszpremi,  and 
Davis,  who  have  shu^'n  that  these  gran- 
ules have  nothing  in  cor'mon  with  Acti- 
nomyces. In  the  case  repoited  by  Vesz- 
premi, these  granules  were  found  also  in 
the  brain  abscess  which  developed  by 
extension  from  the  necrotic  process  in 
the  jaw,  and  this  is  the  only  record  we 
have  of  the  occurrence  of  mouth  lepto- 
thrix threads  in  metastatic  infections, 
while  here  they  did  not  occur  alone. 

The  numerous  reports  in  the  literature 
of  the  occurrence  of  Actinomyces,  with- 
out actinomycosis,  in  the  crypts  of  the 
tonsils  (Johne,  Volkman,  Wright,  Lord) 
and  in  decayed  teeth  and  alveolar  ab- 
scesses (Volkman,  Lord,  Zilz,  Partsch, 
and  Thoma)  lead  one  to  believe  that 
these  granules  have  repeatedly  been  mis- 
taken for  the  true  ray  fungus.  This  pe- 
culiar attachment  of  fusiform  bacilli  to 
leptothrix  threads  also  probably  formed 
the  "fruitful  heads"  of  the  Leptothrix 
Racemosus  of  Vincentini  to  which  he 
ascribed  such  wonderful  properties. 

Endameba  Buccalis.  An  etiological  re- 
lationship between  this  protozoan  para- 
site and  pyorrhea,  suggested  by  Barrett 
and  Smith,  was  more  positively  claimed 
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bj--  Bass  and  Johns.  We  have  previously 
^iven,  in  the  pages  of  this  journal,  rea- 
sons why  we  believe  the  mouth  ameba 
are  not  pathogenic.  Those  reasons  are, 
briefly:  that  the  organism  is  present  fre- 
quently in  healthy  mouths;  that  it  does 
not  invade  the  tissues;  that  its  presence 
in  pyorrhea  pus  in  increased  numbers 
can  best  be  explained  by  the  fact  that 
here  it  obtains  its  favorite  food,  pus  cells 
and  certain  bacteria;  and,  tinally,  that 
the  administration  of  emetine,  while  it 
frequently  destroys  the  endameba,  fails 
to  stop  the  disease  process.  These  state- 
ments are  still  valid.  We  wish  to  em- 
phasize that,  unlike  the  endameba  histo- 
lytica in  dysentery,  the  mouth  ameba 
cannot  be  found  in  sections  of  the  tissues 
of  pyorrhea,  and  have  never  been  demon- 
strated in  metastatic  infections,  altho 
Evans,  Middleton,  and  Smith  have  sug- 
gested a  possible  relationship  to  thyroid 
disease. 

Since  the  enthusiastic  publications  of 
Bass  and  Johrs--,  there  have  appeared  a 
number  of  other  studies  of  the  Endameba 
buccal  is.  Craig  reviewed  the  morphology 
of  the  organism  more  thoroly  than  had 
been  done  before  and  described  its  life 
history;  he  failed  to  find  any  evidences 
of  pathogenicity.  Williams,  Von  Sholly, 
Rosenberg,  and  Mann,  of  the  New  York 
City  Department  of  Health,  examined  a 
large  number  of  children  and  found  the 
ameba  in  29%  of  cases  with  healthy 
gums,  in  37%  with  healthy  gums  and 
decayed  teeth,  in  65%  with  tartar  and 
receding  gums,  and  in  91%  with  spongy, 
bleeding  gums.  These  figures  were 
closely  paralleled  by  those  of  Mitchell. 
Culpepper,  and  Ayers  at  Syracuse.  The 
latter  observers  found  the  ameba  more 
numerous  in  superficial  smears.  Sanford 
found  the  organism  present  in  14%  of 
health  mouths;  he  pointed  out,  as  did 
Craig,  that  there  is  no  parallelism,  either 
clinically  or  morphologically,  between 
Endameba  buccalis  and  E.  histolytica, 
and  stated,  as  did  Craig  also,  that  there 
is  no  proof  that  emetin'e  always  kills 
ameba  in  the  mouth.     Sanford  failed  in 


an  attempt  to  transfer  the  ameba  to  lower 
animals. 

Barrett  and  Smith  claimed  to  have  par- 
tially succeeded  in  cultivating  the  En- 
dameba buccalis,  but  Craig  pointed  out 
that  their  "reproduction  by  budding"  was 
an  evidence  of  degeneration.  Wherry  al- 
so claimed  to  have  grown  the  ameba  on 
agar  made  from  Martin's  broth,  but  his 
evidence  is  not  convincing.  No  animal 
experiments  are  reported,  nor  were  pure 
cultures  obtained.  Hecker,  by  an  ingen- 
ious modification  of  the  Barber  pipette 
succeeded  in  picking  up  a  number  of  the 
ameba  from  pyorrhea  pus,  and  after 
freeing  them  of  bacteria  with  a  finer 
pipette,  introduced  them  into  the  gingi- 
val crevices  of  guinea  pigs,  and  himself, 
without  infection  taking  place. 

We  have,  then,  no  trustworthy  evidence 
that  the  mouth  ameba  are  capable  of 
producing  disease;  and  this  statement  is 
equally  applicable  to  the  other  large 
protozoa  of  the  mouth,  the  more  actively 
motile  Endameba  Kartulisi,.  and  the 
.Trichomonas  buccalis  which  has  recent- 
ly been  studied  morphologically  and  cul- 
tivated by  Noguchi. 

Stapliylococci.  The  staphylococci  of 
the  mouth  were  first  studied  by  Biondi. 
Injecting  saliva  subcutaneously  into 
guinea  pigs,  this  author  frequently  found 
that  abscesses  developed  from  which  the 
Staphylococcus  pyogenes  aureus  or  albus 
could  be  cultivated;  he  also  described 
another  form  which  he  named  Staphy- 
lococcus salivarius  pyogenes,  differing 
from  the  others  only  in  its  small  size. 
Staphylococci  received  but  scant  atten- 
tion from  the  earlier  writers  on  mouth 
bacteria.  Black  found  the  aureus  variety 
seven  times,  and  albus  four  times,  out  of 
ten  healthy  mouths.  But  Miller,  Netter, 
and  Vignal  found  them  rarely.  Goadby 
cultivated  S.  p.  aureus  80  times  from 
1000  mouths,  but  found  S.  p.  albus  quite 
frequently,  in  the  majority  of  the  sup- 
purative conditions  of  the  mouth:  He 
notes  that  in  its  slow  rate  of  liquefac- 
tion of  gelatine,  and  its  low  pathogeni- 
city,  the  white   staphylococcus     of     the 
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mouth  resembles  the  sub-variety  known 
as  Staphylococcus  epidermidis  albus. 
Kligler  studied  29  strains  of  staphylococci, 
and  found  but  two  of  the  golden  variety; 
of  the  twenty-seven  white  strains,  twen- 
ty-one failed  to  liquify  gelatine.  Our 
own  observations,  in  general,  confirm 
those  of  Goadby  and  Kliger,  that  the 
Staphylococcus  aureus  is  rare,  and  is  to 
be  considered  accidental.  The  variety 
most  commonly  found  is  the  non-lique- 
fying white  staphylococcus,  generally 
considered  non  pathogenic. 

The  question  of  pathogenicity  of 
mouth  staphylococci  needs  considerable 
further  study.  As  evidences  of  local  in- 
vasive qualities,  we  note  that  they  were 
found  constantly  in  the  deepest  layers  of 
carious  dentine  by  Goadby  and  Kanto- 
rowicz.  The  latter  author  found  S.  p. 
rureus  only  once,  and  the  majority  of 
his  albus  strains  were  non-liqueflers. 
Staphylococci  have  been  most  frequently 
associated  with  the  so-called  suppurative 
processes,  pyorrhea  alveolaris  and  chron- 
ic alveolar  abscess.  Staphylococci,  when 
they  are  pathogenic,  are  pus  producers. 
But,  as  will  be  shown  in  a  later  paper, 
pyorrhea  and  chronic  alveolar  abscess 
are  not  primarily  purulent  infections  at 
all;  suppuration  occurs  as  a  secondary 
manifestation,  and,  in  the  case  of  the 
latter  of  the  two  diseases  mentioned,  is 
frequently  lacking  altogether.  We  have 
found  staphylococci  most  frequently  in 
pyorrhea,  where  suppuration  occurs  con- 
stantly; but  in  those  cases  ^/hcre  we 
have  carefully  cleansed  and  cauterized 
the  pockets,  and  made  cur  cultures  from 
the  deep  tissuer  curetted  out,  we  h.ave 
frequently  obtained  pure  cultures  of  the 
more  contant  streptococcus.  We  feel, 
therefore,  that  in  pyonhea  the  staphy- 
lococci are  secondary  and  but  superficial 
invaders,  probably  responsible  for  the 
suppuration.  In  chronic  alveolar  ab- 
scess, which  is  really  a  granulomatous 
process,  we  do  not  have  the  tissues  ex- 
posed to  the  mouth  cavity  as  in  pyor- 
rhea, and  secondarj-  suppuration  occurs 
less     frequently.     We     have    not     found 


staphylococci  very  often  in  apical  le- 
sions; unfortunately,  we  have  not  kept 
record  of  the  number  of  times  they  have 
been  found,  but  it  is  not  more  than  ten 
per  cent.  Staphylococci  occur  usually 
where  there  is  pus  in  the  granuloma. 

We  have  at  hand  no  data  coticeming 
the  occurrence  of  metastatic  staphylo- 
coccus infections  secondary  to  dental  le- 
sions. That  they  occur  is  granted;  their 
rarity  is  indicated  by  the  paucity  of  the 
literature  on  the  subject.  Animal  inocu- 
lations have  at  times  been  successful. 
Biondi's  results  have  been  confirmed  by 
others;  that  is,  when  saliva  or  mixed 
cultures  from  the  mouth  are  injected  in- 
to animals,  abscesses  containing  staphy- 
lococci sometimes  develop.  We  have 
found  some  of  our  strains  pathogenic,  but 
not  constantly  nor  even  frequently.  Fur- 
ther study  of  this  problem  is  indicated. 

To  sum  up,  the  staphylococci  of  the 
mouth  belong  to  the  non-liquifying  white 
variety  generally  considered  non-patho- 
genic. They  are  found  at  times  in  dental 
and  peridental  infections,  but  not  con- 
stantly, and  show  only  a  slight  local  in- 
vasive power;  they  are  perhaps  responsi- 
ble for  secondary  suppuration  in  these 
lesions.     Their  pathogenicity  is  doubtful. 

Streptococci.  The  earlier  investigators 
of  mouth  bacteria  were  handicapped  by 
the  lack  of  modern  methods  of  cultivating 
and  identifying  bacteria,  particularly  in 
that  gelatine  was  used  for  isolating  cul- 
tures, requiring  incubation  at  room  tem- 
perature. It  is  not  surprising,  then,  that 
most  of  them  failed  to  observe  the  most 
numerous,  constant,  and  important  group 
of  mouth  bacteria,  the  streptococci. 
Biondi,  in  his  experiments  with  direct 
inoculation  of  saliva  into  animals,  found 
a  streptococcus  which  he  considered 
identical  with  the  variety  that  causes 
erysipelas  and  abscesses,  which  he  nam- 
ed "Streptococcus  septo-pyaemlcus. 
Black  described  several  varieties  of 
streptococci  in  the  mouth,  "Streptococ- 
cus pyogenes,"  for  instance,  in  three  out 
of  ten  samples.    Netter  obtained  this  or- 
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ganism   in   5%   of  his   cases,   but  Miller 
found  it  only  once,  and  Vignal  never. 

Von  Lingelsheim  first  offered  a  basis 
for  classification  of  streptococci,  and 
pointed  out  that  the  salivary  streptococci 
differ  from  the  forms  found  in  abscesses 
and  erysipelas,  generally  called  Strep- 
tococcus pyogenes,  in  that  they  tend  to 
form  short  chains,  produce  cloudiness  in 
broth,  grow  on  potato,  and  are  non- 
pathogenic for  mice.  For  these  short- 
chained  forms  found  in  the  mouth  he 
proposed  the  name  "Streptococcus  bre- 
vis,"  calling  the  pus-producing  form 
"Streptococcus  longus."  It  has  since 
been  shown  repeatedly  that  the  length  of 
the  chains  is  not  constant  nor  a  criterion 
of  virulence,  but  in  a  general  way  von 
Lingelsheim's  classification  is  correct, 
and  he  called  attention  to  the  large 
group  of  relatively  non-pathogenic  mouth 
bacteria.  Goadby  was  struck  by  the 
constant  presence  of  streptococci  in  the 
mouth.  He  states  that  "In  all  mouths, 
clean  or  dirty,  I  have  never  failed  to  ob- 
tain the  Streptococcus."  This  fact,  so 
easily  demonstrated,  is  not  as  widely 
known  as  it  should  be,  and  is  not  readily 
accepted  by  those  who  have  had  little 
experience  in  studying  the  mouth  flora. 
It  should  be  pointed  out  that  the  finding 
of  streptococci  in  cultures  from  any  part 
of  the  mouth  surface  is  without  signifi- 
cance as  far  as  disease  is  concerned, 
since  such  streptococci  are  always  pres- 
ent in  all  parts  of  the  mouth  in  enormous 
numbers,  from  shortly  after  birth  thru- 
out  life.  Goadby  further  described  accu- 
rately the  morphological  and  cultural 
characters  of  the  mouth  streptococci. 
He  called  attention  to  the  fact  that  in  the 
mouth  they  occur  normally  as  diplococci. 
growing  in  pairs  and  not  in  chains.  In 
this  situation  they  are  found  adherent  in 
large  numbers  to  the  squamous  epithe- 
lial cells,  or  free  on  tooth  surfaces.  In 
culture  media  they  tend  to  grow  out  into 
chains,  usually  short,  but  may  remain  as 
diplococci  for  some  time;  frequently  they 
form  chains  of  pairs.  They  show  a  mark- 
ed tendency  to  become  elongated  in  the 


axis  of  the  chain.  Goadby  identified  the 
mouth  streptococci  with  the  "Streptococ- 
cus brevis"  of  von  Lingelsheim,  also  ob- 
serving that  it  was  not  pathogenic  for 
laboratory  animals. 

An  approach  to  a  more  accurate  dif- 
ferentiation of  streptococci  was  begun 
by  Gordon;  in  an  attempt  to  establish 
the  identity  of  mouth  streptococci  with 
those  found  in  the  air,  he  applied  to  this 
group  of  organisms  the  carbohydrate- 
fermentation  tests  that  had  proven  so 
successful  in  differentiating  the  colon- 
typhoid  bacilli.  This  work  was  continued 
and  extended  to  other  streptococci  by 
himself,  Houston,  and  Andrewes  and 
Horder.  The  latter  authors  developed  a 
working  classification  that  is  still  accept- 
able. Among  other  forms  they  recognized 
a  Streptococcus  salivarius,  characteristic 
of  human  mouth,  which  could  be  differen- 
tiated by  its  fermentation  of  certain  su- 
gars. Another  step  forward  in  the  classi- 
fication of  streptococci  was  made  by 
Schottmiiller,  who  found  that  this  group 
could  be  sharply  divided  into  two  by  the 
use  of  blood  agar;  one  sub-group  dissolv- 
ing the  blood  and  producing  a  clear  halo 
around  the  colonies,  he  called  "Strepto- 
coccus longus"  after  von  Lingelsheim, 
while  the  other  sub-group  was  named, 
"Streptococcus  viridans"  since  it  failed 
to  hemolyze,  but  produced  a  greenish 
zone. 

We  need  not  go  further  into  the  litera- 
ture on  the  classification  of  streptococci; 
this  has  been  dealt  with  more  thoroly  in 
previous  papers  from  this  laboratory. 
Suffice  it  to  say  that  it  was  ultimately 
proven  that  the  streptococcus  brevis  of 
von  Ling.elsheim,  the  Streptococcus  sali- 
varius of  Andrewes  and  Horder,  and  the 
Streptococcus  viridans  of  Schottmiiller 
are  one  and  the  same  organism,  and  are 
Identical  with  the  "Diplococcus  rheumat- 
icus"  of  Poynton  and  Paine.  There  has 
ariseft  some  confusion  in  the  literature 
due  to  the  failure  of  various  observers 
to  differentiate  accurately  cultures  from 
dental  lesions,  and  we  believe  that  it 
would  be  profitable  to  point  out  here  the 
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means  by  which  the  mouth  streptococcus 
may  be  differentiated  from  other  forms. 
The  tendency  to  ^ow  in  pairs  of  some- 
what elongated  cocci  has  led  to  confu- 
sion with  the  Pneumococcus ;  it  differs 
from  the  latter  in  its  failure  to  produce 
capsules  in  inoculated  animals,  its  failure 
to  ferment  inulin,  and  its  insolubility  in 
bile  and  bile  salts.  Differentiation  from 
the  more  pathogenic  Streptococcus  pyo- 
genes should  be  made  by  observation  of 
blood  agar  cultures.  While  the  mouth 
streptococci  regularly  fail  to  hemolyze 
blood  and  usually  produce  green  colonies 
when  the  proper  technic  has  been  fol- 
lowed, it  should  be  recognized  that  if 
very  thin  blood  agar  is  used,  or  if  the 
cultures  be  observed  when  several  days 
old,  the  colonies  will  frequently  be  found 
to  have  a  very  narrow  zone  of  hemolysis. 
We  feel  that  this  has  been  a  source  of 
error  in  the  frequent  reports  of  finding 
hemolytic  streptococci  in  chronic  alveo- 
lar abscess  which  we  have  been  unable 
to  confirm.  We  recommend,  for  sharp 
differentiation,  the  use  of  20  drops  of 
rabbit's  blood  in  ten  c.  c.  of  agar  and 
observation  at  the  end  -of  twenty-four 
hours.  We  also  wish  to  call  attention 
to  the  fact  that  non-hemolytic  strepto- 
cocci are  found  constantly  in  other  parts 
of  the  body;  that  there  occurs  normally 
in  the  intestines  a  variety  of  Streptococ- 
cus viridans,  called  Streptococcus  fecal  is 
by  Andrewes  and  Horder,  which  is  differ- 
entiated from  the  mouth  streptococcus 
by  its  ability  to  ferment  mannite. 

Are  mouth  streptococci  a  distinct  spe- 
cies, or  are  they  but  a  variation  of  the 
ordinary  streptococcus  pyogenes?  Is 
there  but  one  streptococcus  which  is 
highly  variable,  or  are  there  numerous 
species?  This  is  one  of  the  most 
hotly  debated  topics  in  bacteri- 
ology, and  we  must  admit  is  still  unset- 
tled. We  believe  that  the  balance  of  evi- 
dence at  present  is  in  favor  of  the  view 
that  there  are  a  number  of  species  of 
streptococci,  distinct  and  not  transmuta- 
ble,  of  which  the  Streptococcus  saliva- 
rius   is   one;    certainly   the   division   into 


hemolytic  and  non-hemolytic  strains  is, 
in  our  opinion,  inviolable.  The  most  rad- 
ical opinion  opposed  to  this  theory  is 
that  of  Rosenow,  who  believes  that 
Streptococcus  viridans  may  change  into 
Streptococcus  pyogenes  on  the  one  hand, 
and  the  Pneumococcus  on  the  other.  This 
theory  has  led  to  the  wildest  speculations 
as  to  the  possible  dangers  of  focal  strep- 
tococcus infections.  We  wish  to  call  at- 
tention to  the  fact  that  Rosenow's  experi- 
ments have  not,  so  far  as  we  know,  been 
confirmed  by  any  other  bacteriologist; 
that  one  author  at  least,  Holman,  has 
repeated  those  experiments  without  con- 
firming them,  and  has  pointed  out  the 
probable  sources  of  error  in  Rosenow's 
work. 

The  pathogenicity  of  mouth  strepto- 
cocci is  a  very  broad  topic,  and  has  been 
considered  to  some  extent  by  us  in  pre- 
vious papers.  We  wish  to  discuss  here 
particularly  the  primary  invasive  quali- 
ties of  the  organism  and  its  etiological 
role  in  the  principal  dental  diseases.  For 
this  purpose  we  have  gathered  together 
several  of  the  more  recent  papers  on  the 
bacteriology  of  caries,  pulpitis,  alveolar 
abscess,  and  pyorrhea.  It  would  take  us 
too  far  afield  to  review  all  of  the  litera- 
ture bearing  on  these  problems,  and  the 
older  literature,  particularly,  is  useless. 
As  Kantorowicz  stated  in  the  introduc- 
tion to  his  studies  of  caries,  the  older 
writers,  (Miller,  Vignal,  Galippe,  etc.) 
dealt  only  with  the  putrefactive  bacteria 
living  on  the  surface  of  the  carious  den- 
tine, and  failed  altogether  to  observe  the 
organisms  characteristic  of  caries  pres- 
ent in  the  depths  of  the  diseased  tooth 
substance.  Moreover,  using  gelatine  for 
isolation,  they  failed  to  get  a  growth  of 
the  more  parasitic  forms  that  grow  only 
at  body  temperature.  This  criticism  is 
equally  applicable  to  the  early  studies  of 
the  other  dental  lesions,  particularly  py- 
orrhea. These  papers,  however,  have 
greatly  confused  the  study  of  dental  bac- 
teriology and  have  given  rise  to  the  er- 
roneous impression  that  infections  of  the 
teeth  and  their  investing  tissues  are  al- 
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ways  hopelessly  mixed  infections,  and 
that  since  so  many  kinds  of  bacteria  are 
present,  no  particular  one  can  be  consid- 
ered the  etiological  agent.  As  a  matter 
of  fact,  all  of  the  later  students  who  have 
attacked  these  problems  rationally  by  de- 
veloping a  technic  whereby  surface  or- 
ganisms are  excluded  and  only  those  bac- 
teria deep  in  the  advancing  border  of  the 
diseased  tissues  are  retained,  have  come 
to  the  same  conclusion,  namely,  that  the 
deeper  you  go  into  the  tissues  the  more 
simple  and  uniform  does  the  flora  be- 
come, until  ultimately  streptococci  alone 
remain. 

This  newer  conception  of  dental  bac- 
teriology had  its  beginnings  in  the  work 
of  Sieberth  on  pulpitus.  Previously  it 
had  been  claimed  by  Arkovy  that  pulpi- 
tis was  due  to  an  organism  named  by 
him  the  Bacillus  gangrenae  pulpae,  and 
the  same  organism  was  found  by  his 
pupil,  Dobyzyniecki,  in  caries  and  alveo- 
lar abscess;  but  it  was  later  shown  by 
various  workers  that  this  organism  was 
merely  the  common  spore-bearing  aerobe, 
Bacillus  mesenterlcus,  that  had  contami- 
nated his  cultures;  this  is  but  an  exam- 
ple of  a  large  number  of  studies  of  den- 
tal bacteriology  whose  authors  lacked 
sufficient  training  in  general  bacteriology 
to  interpret  properly  their  findings.  Sie- 
berth chose  teeth  with  dead  pulps  that 
were  not  sufficiently  exposed  by  decay 
to  be  contaminated  by  the  surface  bac- 
teria of  the  mouth,  and,  after  cleansing 
the  surface  with  disinfectants,  cracked 
them  open  with  sterile  instruments. 
Cultures  were  taken  from  the  pulp  so 
exposed,  and  spread  on  agar  plates.  He 
relates  his  great  astonishment  at  finding 
on  these  plates  not  the  great  variety  of 
colonies  of  different  kinds  of  organisms 
that  he  had  been  led  to  expect  from  the 
writings  of  previous  workers,  but  only 
myriads  of  tiny  gray  colonies  of  strefp- 
tococci.  Only  occasionally  were  other 
(contaminating)  organisms  encountered, 
and  he  justly  concludes  that  streptococci 
alone  are  concerned  in  the  devitalization 
of  the  pulp.    Sieberth  worked  before  the 


modern  methods  of  differentiating  strep- 
tococci had  been  developed,  and  altho  he 
gave  minute  morphological  and  cultural 
descriptions  and  divided  his  strains  into 
a  number  of  groups,  we  are  unable  to  de- 
termine whether  or  not  they  are  the  true 
salivary  streptococci.  Some  strains  were 
pathogenic  for  mice. 

Goadby  first  separated  the  bacteria  of 
caries  into  two  groups,  superficial  and 
deep,  and  simplified  the  problem  by  show- 
ing that  in  the  deep  layers,  only  a  few 
varieties  of  organisms  were  present.  By 
alternately  cauterizing  and  excavating 
the  surfaces  of  the  cavities,  he  came  ulti- 
mately to  the  deepest  layer  of  carious 
dentine,  and  cultures  from  this  area 
yielded  only  three  organisms,  a  strepto- 
coccus (Streptococcus  brevis),  Staphylo- 
coccus albus,  and  a  Gram  positive  bacil- 
lus which  he  named  Bacillus  necroden- 
talis.  Kantorowicz  attacked  the  problem 
in  the  same  manner  and  completely  con- 
firmed Goadby's  findings.  He  found  two 
types  of  streptococci,  one  at  times  patho- 
genic for  mice.  Both  showed  the  mor- 
phological characters  of  Streptococcus 
viridans,  i.  e.,  growth  in  pairs  and  a  ten- 
dency to  become  elongated.  Two  out  of 
14  strains  were  hemolytic,  but  the  author 
does  not  believe  that  hemolysis  is  a  sat- 
isfactory basis  for  classification.  The 
streptococci  were  the  most  numerous. 
The  staphylococci  were  always  present 
in  small  numbers;  they  belonged  to  the 
non-pathologenic,  non-liquefying  white 
variety.  The  Bacillus  necrodentalis  ap- 
parently belongs  to  the  lactic  acid  group 
of  bacteria;  it  proved  pathogenic  for 
mice. 

Similar,  and  even  more  striking,  re- 
sults were  obtained  by  Niedergesass, 
and  published  in  a  more  recent  article. 
In  the  deeper  layers  of  carious  dentine, 
streptococci  alone  were  found,  excepting 
in  two  cases  where  the  Staphylococcus 
aureus  grew.  Of  twenty-three  strains  of 
streptococci  isolated,  twenty  he  classi- 
fied as  Streptococcus  pyogenes,  since 
they  formed  long  chains  and  hemolytic 
colonies  on  blood  agar  plates,  while  the 
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individual  cells  were  round;  three 
strains  he  identified  with  the  Streptococ- 
cus acidi  lactici  of  Kruse,  since  they 
formed  short  chains,  did  not  dissolve 
blood,  and  had  elongated  or  oval  cells. 
(It  has  been  shown  by  various  authors 
that  the  streptococci  responsible  for  the 
normal  souring  of  milk  have  the  general 
properties  of  the  group  we  designate  as 
Streptococcus  viridans.)  Very  few  of  his 
strains  exhibited  any  pathogenicity  for 
mice,  and  then  only  to  a  slight  degree. 
The  author  also  studied  further  the  acid 
production  of  these  streptococci  in  carbo- 
hydrate media,  and  in  a  comparative 
study  showed  that  the  streptococci  pro- 
duced as  much  acid  as  the  other  organ- 
isms in  the  outer  layers  of  the  carious 
dentine,  and  frequently  more. 

We  must  believe,  then,  that  strepto- 
cocci are  the  microbic  agents  that  cause 
dental  caries,  whatever  other  factors 
may  enter  into  the  etiology.  The  fact 
that  they  are  the  sole  organisms  found 
constantly  in  the  advancing  border  of  the 
carious  process  indicates  that  they  pos- 
sess an  invasive  power  not  exhibited  by 
the  other  bacteria  found  in  cavities.  It 
may  be  that  the  solution  of  the  lime  salts 
is  accomplished  by  acids  formed  from 
other  bacteria,  altho  mouth  streptococci 
are  powerful  acid  formers;  it  is  quite 
certain  that  the  digestion  of  the  organic 
matrix  is  accomplished  by  the  proteolytic 
activities  of  such  saprophytes  as  B.  pro- 
teus,  B.  mesentericus,  and  certain  of  the 
anaerobic  bacilli.  But  these  processes 
are  secondary.  The  penetration  and  ne- 
crosis of  the  dental  tissue,  seen  in  the 
advancing  border  of  the  process,  is  very 
evidently  due  to  the  streptococci,  and 
the  streptococci  alone. 

Since  a  chronic  alveolar  abscess  is 
usually  consecutive  to  pulpitis  produced 
by  caries,  it  is  reasonable  to  expect  that 
here  too,  streptococci  will  be  found  the 
most  important  organism,  and  such,  in 
fact,  is  the  case.  It  is  not  easy  to  obtain 
cultures  from  deep  in  the  jaw  without 
contamination  from  the  surface  of  the 
mouth,   and    such   contamination   is   evi- 


dent in  most  of  the  literature  on  this 
subject,  which  describes  a  great  variety 
of  organisms;  most  stress  has  been  laid, 
however,  on  the  pyogenic  cocci,  particu- 
larly staphylococci.  Preceding  our  own 
studies  on  the  bacteriology  of  chronic 
alveolar  abscess,  the  only  investigators 
who  obtained  similar  results  were  Mayr- 
hofer*,  and  Gilmer  and  Moody.  The  for- 
mer author  found  streptococci  in  47  of 
50  cultures,  in  30  cases  in  pure  cultures, 
in  others  together  with  staphylococci  and 
bacilli.  He  believes  that  the  staphylo- 
cocci are  secondary  invaders,  and  that 
the  bacilli  are  without  pathogenic  action. 
Gilmer  and  Moody  found  the  strepto- 
cocci to  be  the  most  numerous  organ- 
isms, but  found  other  cocci  and  fusiform 
bacilli  as  well;  they  studied  both  acute 
and  chronic  abscesses  and  found  hemo- 
lytic streptococci  as  well  as  the  Strepto- 
coccus viridans. 

Our  own  studies,  published  in  previous 
papers,  indicate  that  the  Streptococcus 
viridans  is  the  only  organism  found  con- 
stantly in  chronic  alveolar  abscesses,  and 
in  the  great  majority  of  cases  is  found 
in  pure  culture.  Like  the  authors  just 
quoted,  we  have  at  times  found  other  or- 
ganisms, particularly  the  white  staphy- 
lococci and  fusiform  bacilli,  but  we  be- 
lieve that  these  are  secondary  invaders 
and  practically  devoid  of  pathogenic  ac- 
tion. From  acute  abscesses  we  have  re- 
covered hemolytic  streptococci  on  one  or 
two  occasions,  but  the  majority  of  our 
cultures,  from  lesions  where  free  pus  oc- 
curred, have  yielded  staphylococci  (also 
hemolytic  at  times)  and  the  fact  that 
these  staphylococci  have  usually  been 
found  associated  with  the  mouth  strep- 
tococci, together  with  histological  find- 
ings in  the  affected  tissues,  lead  us  to 
believe  that  many  of  the  acute  abscesses 
indicate  a  secondary  invasion  by  staphy- 
lococci with  a  suppurative  process  im- 
planted upon  the  primarily  granuloma- 
tous lesion.  Occasionally  purulent  infec- 


•We  have  just  recently  become  acquainted  with 
Mayrhofer's  work,  and  for  that  reason  hare  not 
quoted  It  In  our  prerious  papers. 
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tions  are  found  where  other  organisms 
are  apparently  the  etiological  factor, 
such  as  the  Pneumococcus,  diphtheroid 
bacilli.  Bacillus  pyocyaneus,  Bacillus  fe- 
calis  alkaligenes,  etc.;  such  infections 
are  not,  common,  nor  can  they  be  consid- 
ered characteristic  dental  lesions. 

The  literature  on  the  bacteriology  of 
pyorrhea  is  in  hopeless  confusion.  All 
of  the  previous  investigators,  as  far  as 
we  can  determine,  have  dealt  with  the 
organisms  in  the  free  pus  found  in  pock- 
ets, or  even  on  the  surface,  and  nature 
ally  they  have  obtained  all  of  the  organ- 
isms that  occur  in  the  mouth.  Such 
studies  are  worthless  as  evidence  for  the 
etiological  relationship  of  the  organisms 
to  the  disease.  We  have  followed  a 
more  rational  technic.  By  thoroly 
cleansing  the"  surface  of  gum  and  tooth, 
drying  the  area  so  cleansed  and  packing 
it  off  with  dry  sponges;  by  painting  the 
area  with  iodine;  by  burning  with  the  ac- 
tual cautery  the  superficial  tissues  of  the 
pocket;  and  then,  having  sterilized  the 
field  and  removed  the  superficial  layers 
of  tissue  with  their  surface  bacteria,  we 
have  made  cultures  from  the  deep  tis- 
sues and  have  usually  obtained  pure  cul- 
tures of  streptococci.  That  is,  we  have 
applied  to  the  peridental  membrane  the 
principle  involved  in  the  technic 
which  Kantorowicz  and  Niedergesass 
used  in  studying  the  bacteriology  of  the 
dentine,  and  we  have  arrived  at  similar 
results  and  conclusions.  The  organisms 
found  in  the  advancing  border  of  the  ac- 
tive disease  process  in  pyorrhea  alveo- 
laris  are  streptococci;  other  organisms 
are  found,  staphylococci  and  occasional 
bacilli  (especially  fusiform  bacilli)  as  in 
caries  and  in  alveolar  abscess,  but  they 
are  not  constant,  and  play  a  secondary 
role. 

Whence  come  these  streptococci,  and 
how  do  they  arrive  at  the  tissues  which 
they  infect?  In  pyorrhea  and  caries  the 
process  begins  so  manifestly  on  the 
mouth  surface  that  there  is  no  question 
but  that  the  organisms  penetrate  the  tis- 


sues from  the  mouth.  Pulpitis  and  alve- 
olar abscess  are  usually  secondary  to 
caries,  and  may  be  considered  in  the 
majority  of  cases  an  extension  of  the 
same  process.  But  the  frequent  occur- 
rence of  abscesses  at  the  roots  of  arti- 
ficially devitalized  teeth,  even  where 
proper  antiseptic  measures  have  been 
used,  and  the  finding  of  gangrenous  pulps 
and  abscesses  in  non-carious,  apparently 
sound  teeth,  together  with  the  occurrence 
of  abscesses  at  the  apices  of  entirely  vital 
teeth  has  given  rise  to  the  view  that 
many,  if  not  all  alveolar  abscesses  are 
produced  by  hematogenous  infections. 
This  theory,  by  no  means  new,  was  re- 
vived and  exploited  to  a  considerable 
extent  recently  in  connection  with  the 
widespread  interest  in  the  focal  infection 
theory.  Under  the  influence  of  Rose- 
now's  teachings  concerning  the  mutation 
of  streptococci  and  their  elective  locali- 
zation, Ulrich,  particularly,  advanced  the 
theory  that  "blind"  abscesses  result 
from  the  localization  of  streptococci  that 
have  invaded  the  blood  stream,  at  a  "lo- 
cus minoris  resistentiae"  produced  by 
the  devitalization  of  the  tooth;  and  Rose- 
now  has  published  some  remarkable  ex- 
periments that  seem  to  indicate  that 
streptococci  in  diseased  pulps  actually  de- 
velop an  affinity  for  that  tissue.  While 
it  is  not  within  the  scope  of  our  paper 
to  enter  into  a  discussion  of  root  canal 
treatment  or  the  possible  dangers  of  de- 
vitalization, it  is  necessary  to  the  devel- 
opment of  our  thesis  to  show  that  dental 
infections  are  the  result  of  direct  inva- 
sion of  the  teeth  or  their  investing  tis- 
sues by  streptococci  from  the  mouth.  We 
shall  therefore  digress  a  little  to  offer 
reasons  why  we  believe  the  hematogen- 
ous theory  is  untenable.  We  cannot 
readily  believe  that  the  blood  stream  is 
frequently  invaded  by  streptococci  with 
no  other  symptoms  or  lesions  than  a 
dental  abscess;  yet  probably  the  major- 
ity of  persons  who  carry  blind  abscesses 
have  no  other  evidences,  of  a  streptococ- 
cus infection.     Not  all  devitalized  teeth 
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develop  abscesses;  Ulrich's  figures, 
which  are  the  highest  we  have  seen, 
claim  70%.  Granted  that  a  perfect  asep- 
tic technic  has  been  observed  in  the  de- 
vitalization, and  that  the  root  canal  has 
been  thoroly  disinfected,  there  yet  re- 
main other  channels  for  reinfection  than 
the  blood  stream,  which  we  believe  can 
be  more  rationally  considered  the  true 
portals  of  entry  for  the  streptococci.  In 
the  first  place,  Niedergesass  has  shown 
that  in  many  teeth  there  occur  micro- 
scopic clefts  in  the  dentine,  thru  which 
organisms  from  the  mouth  can  pass  di- 
rectly into  the  pulp  chamber,  without 
caries;  these  may  explain  cases  of  pulpi- 
tis without  caries.  Secondly,  Mayrhofer 
has  shown  that  in  pulpitis  there  occurs 
an  invasion  of  the  dentinal  tubules,  es- 
pecially at  the  apex,  and  that  within 
two  weeks  after  disinfection  and  filling 
of  the  root  canal,  cultures  from  the  pulp 
chamber  will  again  yield  streptococci; 
this  type  of  reinfection,  we  believe,  de- 
serves serious  consideration.  Finally, 
we  believe  that  the  lymphatic  system  of 
the  alveolar  process  is  an  important  fac- 
tor. We  have  repeatedly  found  that  cul- 
tures from  periapical  tissues  of  healthy 
teeth  two  or  even  three  teeth  removed 
from  an  abscess  yielded  streptococci,  and 
this  can  only  be  explained  as  a  spreading 
of  the  infection  thru  the  regional  lym- 
phatics. Such  an  invasion  by  way  of 
the  lymphatics  must  also  take  place  fre- 
quently from  the  tissues  about  the  gingi- 
val crevice,  passing  directly  down  the 
peridental  membrane;  we  have  found 
areas  of  gingivitis  and  alveolar  periosti- 
tis in  microscopic  sections  which  were 
not  at  all  visible  grossly,  which 
could  well  serve  as  foci  of  lymphatic  dis- 
tribution to  deeper  parts  of  the  periden- 
tal membrane.  Such  lymphatic  invasion 
will  explain  abscesses  on  vital  teeth. 

It  is  unfortunate  that  those  investiga- 
tors who  have  preceded  us  in  the  study 
of  streptococci  in  dental  lesions  have 
failed  to  observe  accurately  those  quali- 
ties by  which  streptococci  are  now  classi- 


fied, namely,  hemolysis  and  carbohy- 
drate fermentations.  Siebert  and  Mayr- 
hofer offer  nothing  in  this  line.  Goadby 
identified  the  streptococci  of  caries  with 
the  normal  mouth  streptococcus  (which 
he  calls  Streptococcus  brevis)  by  mor- 
phological and  general  cultural  charac- 
ters. Kantorowicz  made  no  classification, 
but  his  morphological  descriptions  to- 
gether with  the  fact  that  twelve  out  of 
fourteen  strains  were  non-hemolytic  in- 
dicate that  he,  too,  was  dealing  with  the 
same  kinds  of  streptococci  as  are  found 
in  the  normal  mouth.  Niedergesass, 
alone,  found  a  predominance  of  long 
chained  hemolytic  streptococci.  We 
have  studied  both  hemolysis  and  carbo- 
hydrate fermentations  with  a  long  series 
of  strains  from  pyorrhea  and  alveolar 
abscess,  and  have  found  that,  with  one 
or  two  exceptions,  all  the  streptococci 
from  these  lesions  are  identical  with  the 
normal  mouth  streptococcus,  the  Strepto- 
coccus salivarius  of  Andrewes  and  Hor- 
der.  This,  we  believe,  is  the  strongest 
evidence  that  the  streptococci  in  dental 
lesions  come  directly  from  the  mouth, 
and  not  from  a  distance  by  way  of  the 
blood  stream. 

We  have  thus  shown  that  streptococci 
alone  are  found  constantly  in  the  deepest 
layers  of  diseased  tissue  in  caries,  pulpi- 
tis, chronic  alveolar  abscess,  and  pyor- 
rhea, the  common  infectious  diseases  of 
the  teeth  and  their  investing  tissues,  or, 
otherwise  stated,  the  streptococci  show 
locally  in  the  mouth  greater  invasive 
power  (pathogenicity)  than  any  of  the 
other  mouth  bacteria  that  have  been  as- 
sociated with  the  diseases  mentioned. 

It  is  not  necessary  for  us  to  quote  ex- 
tensively from  the  literature  on  metas- 
tatic infections  produced  by  mouth  strep- 
tococci. The  identification  of  the  Strep- 
tococcus salivarius  with  the  Diplococcus 
rheumaticus  of  Poynton  and  Paine  and 
with  the  Streptococcus  viridans  of 
Schottmiiller  has  definitely  associated 
this  organism  with  the  various  lesions 
that  go  to  make  up  acute  and  chronic 
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rheumatism,     particularly    endocarditis.* 
The  frequency  with  which  these  lesions 
occur  in  man  is  evidence  that  the  mouth 
streptococci  exhibit  an  ability  to  invade 
the  blood   stream   equal   to   the   Strepto- 
coccus pyogenes,  and  not  shown  by  any 
of  the  other  mouth  bacteria.    Unlike  the 
Streptococcus  pyogenes,  the  members  of 
the  viridans   group  are  unable  to  main- 
tain a  continued  existence  in    the  blood, 
and  seldom  produce  septicemia,  but  tend 
rapidly  to  localize.     The  focal  lesions  in 
the   tissues,   produced   by   these   strepto- 
cocci, are  moreover,  seldom  purulent  in 
character;  instead  of  producing  acute  in- 
flammations  with  abscess   formation,  as 
does     the     Streptococcus   pyogenes,  the 
mouth   streptococci   produce  in  focal  le- 
sions   a    subacute    or    proliferative    type 
of    inflammation    with   lymphocytes    and 
plasma    cells,    or    endothelial    cells    and 
fibroblasts  as  the  principal  cells  of  the 
exudate,  rather  than  pus  cells.     That  is, 
while   the   mouth   streptococci    show   an 
invasive   power   equal   to   the   hemolytic 
forms,  they  do  not  form  so  potent  a  tox- 
ine,  and  are  therefore  less  virulent.    We 
wish  to   emphasize  the   inability   of  the 
Streptococcus    viridans    to    produce    pus 
in  the  human  body,  and  to  offer  this  fact 
as   further   evidence   to   prove   that   this 
organism  is  primarily  responsible  for  the 
infections   of   the   peridental   membrane, 
since  it  has  been     shown     by     various 
pathologists,      particularly    in    Germany, 
that  neither  pyorrhea  nor  chronic  alveo- 
lar   abscess    are    primarily    suppurative, 
but  are  granulomatous  in  character,  and 
that   in   both   of   these   diseases    plasma 
cells  and  lymphocytes  are  the  principle 
inflammatory  cells. 

We  need  not,  either,  devote  much 
space  to  the  question  of  animal  inocula- 
tion experiments.  We  have  reviewed  the 
literature  and  presented  the  results  of 
our  own  experiments  in  previous  papers. 
Such  experiments  have  been   performed 


•The  studies  of  Poynton  and  Paine,  and  others, 
have  established  that  most  forms  of  heart  disease 
are  a  part  of  the  rheumatic  process,  and  they 
are  so  considered  by  us. 


SO  often  by  so  many  different  investi- 
gators that  there  can  remain  no  doubt 
that  mouth  streptococci,  when  injected 
into  rabbits,  show  a  degree  of  pathoge- 
nicity not  equalled  by  any  of  the  other 
common  mouth  bacteria.  In  our  first 
reports  we  showed  that  mouth  strepto- 
cocci are  capable  of  producing  in  rabbits 
lesions  identical  with  those  produced  by 
strains  of  Streptococcus  viridans  obtain- 
ed from  the  lesions  of  rheumatism  and 
endocarditis.  In  a  later  report  we  de- 
termined more  accurately  the  degree  of 
pathogenicity  which  Streptococcus  viri- 
dans (particularly  the  mouth  strains) 
exhibits  for  rabbits,  and  compared  their 
virulence  with  that  of  the  hemolytic 
Streptococcus  pyogenes. 

Fortunately,  the  period  of  exploitation 
of  the  focal  infection  theory  is  about 
over;  the  dental  profession  has  awaken- 
ed to  new  responsibilities  and  new  oppor- 
tunities, while  the  medical  profession  is 
beginning  to  rediscover  the  fact  that 
there  are  other  causes  of  disease  and 
other  portals  of  infection  than  the  dental 
abscess.  There  are  still  rife,  however, 
many  speculations  and  unproven  theories 
as  to  the  possible  dangers  of  peridental 
infections  and  their  ability  to  produce  a 
wide  variety  of  systemic  diseases.  We 
feel,  therefore,  that  we  should  state 
here  our  opinion  upon  this  subject.  We 
have  noted,  several  cases  where  mouth 
streptococci  from  dental  abscesses  have 
invaded  the  lymph  glands  of  the  neck 
and  have  produced  a  chronic  non-suppu- 
rative  lymphadenitis,  with  cellulitis  in 
one  case,  and  two  cases  where  strains  of 
high  virulence  invaded  the  blood  stream 
and  produced  death  from  septicemia; 
but  aside  from  these  non-specific  types 
of  infection  which  may  at  times  be  pro- 
duced by  any  organism,  we  do  not  be- 
lieve that  mouth  streptococci  have  been 
proven  to  cause  any  other  systemic  dis- 
ease than  the  various  lesions  that  go  to 
make  up  the  disease  known  as  rheuma- 
tism, and  we  believe  the  dental  lesions 
are  more  particularly  the  source  of  the 
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chronic  progressive  forms  of  this  disease. 
We  have  been  misinterpreted  by  various 
people  as  claiming  that  streptococci  from 
dental  abscesses  in  patients  suffering 
from  rheumatism  show  a  specific  ten- 
dency to  produce  rheumatic  lesions  in 
rabbits  not  exhibited  by  mouth  strepto- 
cocci from  other  individuals.  We  have, 
however,  not  made  any  such  statement, 
and,  as  a  matter  of  fact,  have  found  all 
mouth  streptococci,  whether  from  diseas- 
ed individual  or  normal,  showing  a  ten- 
dency to  produce  rheumatic  lesions  in 
rabbits.  We  have  stated  that  strepto- 
cocci from  dental  abscesses  are  more 
pathogenic  than  those  from  normal  sali- 
va, which  is  of  course  to  be  expected. 

We  are  unable  to  accept,  in  any  degree, 
Rosenow's  elective  localization  theory. 
We  have  seen  no  evidence  in  our  own 
experiments  to  confirm  it,  altho  it  is  but 
fair  to  state  that  we  have  not  use!  his 
technic,  feeling  that,  particularly  in  the 
inoculation  of  rabbits  with  enormous 
doses  of  mixed  cultures,  it  is  not  goo;! 
bacteriological  practice.  Moody,  howev- 
er, has  studied  this  question  very  thoroly, 
working  with  streptococci  from  dental 
abscesses  and  usin^  essentially  Rose- 
now's technic;  cultures  were  obtained 
from  dental  abscesses  in  15  patients  with 
articular  rheumatism,  15  patients  with 
other  forms  of  systemic  disease,  and  19 
patients  healthy  save  for  their  mouth 
infections,  and  in  all  178  rabbits  were  in- 
oculated. The  percentages  of  lesions  in 
the  various  tissues  of  the  rabbits  are 
compared  and  tabulated.  He  concludes 
that  "the  lesions  produced  by  organisms 
from  persons  without  systemic  disease 
are  identical  in  character  with  those  pro- 
duced by  organisms  from  patients  with 
systemic  infections.  The  fact  that  the 
former  do  not  produce  lesions  quite  as 
frequently  as  the  latter  indicates  a  differ- 
ence between  the  organisms  only  in  de- 
gree of  virulence,"  and  further  that  "the 
localization  of  Streptococcus  viridans 
cannot  be  determined  wholly  by  some 
property  inherent  in  the  organism  itself." 


We  wish  to  call  attention  to  the  fact 
that  members  of  the  Streptococcus  viri- 
dans group  are  normally  present  thruout 
the  gastro-intestinal  tract  as  well  as  in 
the  mouth.  Failure  to  recognize  this 
fact  has  led-  to  two  sorts  of  errors  in  the 
focal  infection  theory.  Firstly,  the  fact 
has  been  overlooked  that  Streptococcus 
viridans  may  invade  the  blood  stream 
from  the  intestines  as  well  as  from  the 
mouth,  and  the  presence  of  Streptococcus 
fecal  is  (mannite  fermenting)  in  a  goodly 
number  of  cases  of  endocarditis  indicates 
that  infections  from  this  source  do  fre- 
quently occur;  that  is,  focal  lesions  of 
the  intestines  must  be  considered  as 
well  as  lesions  about  the  teeth  and  ton- 
sils in  trying  to  find  the  source  of  in- 
fection in  systemic  diseases.  Secondly, 
the  finding  of  Streptococcus  viridans  in 
ulcerative  lesions  of  the  gastro  intestinal 
tract  (gastric  ulcer,  cholecystitis,  appen- 
dicitis) has  given  rise  to  the  theory  that 
such  lesions  are  produced  by  a  localiza- 
tion of  streptococci  from  focal  infections 
in  the  mouth  which  have  invaded  the 
blood  stream,  whereas  such  streptococci 
are  normally  present  on  the  mucous  sur- 
faces in  question;  and  the  failure  of  the 
investigators  of  these  diseases  to  differ- 
entiate the  streptococci  found,  both  in 
clinical  observation  and  in  animal  ex- 
periment, by  carbohydrate  fermentation 
tests,  leaves  one  in  doubt  as  to  whether 
these  streptococci  had  actually  come  from 
the  blood  stream  or  had  been  originally 
present  on  the  surfaces  of  the  ulcerated 
mucous  membrane. 

How  dangerous  are  dental  abscesses 
to  the  general  health?  These  lesions  be- 
come definitely  encapsulated  by  scar  tis- 
sue, and  frequently  undergo  spontan- 
eous healing,  while  the  streptococci  that 
cause  them  are  of  very  low  virulence. 
Nevertheless,  the  fact  that  these  ab- 
scesses remain  unhealed  or  slowly  prog- 
ressive over  a  long  time  indicates  that 
the  balance  between  virulence,  of  organ- 
ism and  resistance  of  host  is  very  deli- 
cately maintained,  and  may  be  disturbed 
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in  favor  of  the  streptococci  by  very  slight 
influences.  While  the  organisms  are  of 
low  virulence,  this  is  due  to  the  low 
grade  character  of  their  toxines  and  not 
to  any  lack  of  ability  to  invade  tissues. 
Moreover,  they  show  a  grekt  tenacity, 
being  able  to  maintain  an  existence  in 
the  body  for  some  time  after  invasion. 
We  believe  that  the  streptococci  produce 
no  immunity,  but  tend  rather  to  break 
down  the  normal  resistance.  This  is  in- 
dicated both  by  the  generally  admitted 
failure  of  vaccine  therapy,  and  by  the 
fact  that  infections  are  usually  followed 
by  repeated  recurrences  of  increasing 
severity. 

We  stated  at  the  beginning  of  this  pa- 
per that  since  dental  infections  are  pro- 
duced by  organisms  normally  present  in 
the  mouth,  there  must  be  other  factors 
in  the  etiology  of  these  diseases  than  the 
mere  presence  of  bacteria,  factors  which 
break  down  the  resistance  of  the  tissues 
and  allow  the  organisms  to  invade.  We 
may  now  apply  this  statement  more 
specifically  to  the  streptococci.  Some  of 
these  factors  are  well  defined  from  clini- 
cal observation.  They  may  be  general  in 
character,  like  mercurial  (and  possibly 
phosphorous)  poisoning,  and  scurvy,  dia- 
betes and  pernicious  anemia;  or  local,  as 
mechanical  injury,  accumulations  of  tar- 
tar, etc.  We  cannot  reproduce  dental  in- 
fection by  merely  introducing  strepto- 
cocci into  the  mouths  of  animals,  or  even 
by  inoculating  them  into  the  peridental 
tissues;  but  we  can  experimentally  re- 
produce some  of  the  conditions  that  lead 
to  dental  infections.  Jackson  and  Moody 
have  shown  that,  by  altering  the  diet  of 
guinea  pigs,  experimental  scurvy  may  be 
produced,  and  that,  in  the  mouth  lesions 
as  well  as  the  internal  lesions  of  the  ani- 
mals so  diseased,  the  Streptococcus  viri- 
dans  is  found.  We  have  found  that  by 
feeding  cats  with  calomel  we  can  pro- 
duce an  experimental  mercurial  stoma- 
titis, with-  loosening  of  the  teeth  and  the 
formation  of  abscesses  in  the  jaw,  and 
from  the   depths  of  the   lesions   so   pro- 


duced, as  well  as  from  the  cervical  lymph 
nodes,  we  have  isolated  streptococci. 
(The  mouth  flora  of  cats  is  very  similar 
to  that  of  man.)  By  cutting  off  the 
crowns  of  teeth  in  cats  and  exposing  the 
pulp  to  the  saliva,  we  have  produced  al- 
veolar abscesses  which  contained  strep- 
tococci in  pure  culture;  and  by  placing 
wire  ligatures  about  the  necks  of  the 
teeth  and  so  irritating  the  gingival  tis- 
sues, we  have  produced  a  typical  pyor- 
rhea. We  believe  that  a  great  deal  con- 
cerning the  etiology  and  pathogenesis  of 
dental  infections,  as  well  as  their  role 
in  the  production  of  systemic  disease 
may  be  learned  from  a  large  series  of 
such  experiments. 

SUMMARY  AND  CONCLUSIONS. 
In  the  preceding  pages  we  have  re- 
viewed the  more  important  literature  on 
the  bacteriology  of  the  mouth,  with  par- 
ticular reference  to  dental  diseases,  and 
gathered  together  certain  data  to  confirm 
the  following  conclusions: 

1.  Mouth  streptococci  are  the  only 
true  parasitic  organisms  of  the  normal, 
characteristic  mouth  flora,  since  they 
alone  are  capable  of  maintaining  exis- 
tence on  the  clean  healthy  mucous  mem- 
branes before  the  eruption  of  teeth 
brings  conditions  of  uncleanliness  and 
decay.  They  are  the  most  numerous  of 
the  mouth  bacteria. 

2.  Mouth  streptococci  are  only  rela- 
tively decreased  in  the  mouth  in  condi- 
tions of  uncleanliness  and  decay;  they 
may  be  absolutely  increased.  This  rela- 
tive decrease  cannot  be  accepted  as  evi- 
dence that  streptococci  do  not  cause  the 
dental  diseases  that  follow  uncleanliness 
in  the  mouth. 

3.  Mouth  streptococci  are  the  mir 
crobic  causes  of  dental  caries,  pulpitis, 
alveolar  abscess,  and  pyorrhea  alveolaris, 
because: 

a.  They  are  the  only  organisms  found 
commonly  in  these  lesions,  which  are  of 
proven  pathogenicity,  as  exhibited  by  lo- 
cal invasive  power,  ability  to  invade  the 
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blood  and  lymph  streams  and  so  produce 
metastatic  infections,  and  by  the  results 
of  animal  inoculation  experiments. 

b.  They  are  the  only  organisms  found 
constantly  in  the  deep  layers  or  advanc- 
ing borders  of  infected  tissue  in  the  dis- 
eases named;  they  are  frequently  found 
in  these  areas  in  pure  cultures. 

c.  In  metastatic  infections  and  in  ex- 
perimentally inoculated  animals  they  pro- 
duce subacute  and  granulomatous  lesions 
similar  to  the  inflammatory  reaction 
found  in  pyorrhea  and  in  chronic  alveolar 
abscess. 

4.  The  streptococci  found  in  dental 
diseases  are  the  true  mouth  streptococci 
(Streptococcus  salivarius)  and  invade 
the  dental  and  peridental  tissues  from 
the  mouth. 
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Many  reports  have  been  published  concerning  the  treatment  of 
acute  and  chronic  infections  by  the  intravenous  injection  of  foreign 
proteins.  This  treatment  has  been  appHed  to  typhoid  fever,  arthritis, 
and  certain  skin  diseases.  It  apparently  developed  as  an  outgrowth 
of  the  injection  of  vaccines.  Vaccine  therapy,  once  the  great  hope 
of  modern  therapeutics,  failed  to  produce  the  promised  results,  and, 
with  the  exception  of  prophylactic  vaccination  against  typhoid,  variola, 
rabies,  and  perhaps  in  acne  and  alHed  pyogenic  skin  diseases,  was 
being  abandoned  more  and  more.  Now  there  is  an  apparant  revival 
of  allied  therapeutic  methods  in  the  form  of  foreign  protein  injections. 

The  beginning  of  foreign  protein  therapy  dates  back  to  the  work  of 
Fraenkel^  in  1893,  who  treated  57  cases  of  typhoid  fever  with  subcutaneous 
injections  of  typhoid  vaccine.  He  reported  that  most  of  the  cases  were 
favorably  modified,  and  that  a  few  terminated  by  rapid  lysis.  This  use  of 
typhoid  vaccine  during  the  active,  acute  stage  of  the  disease  was  a  new 
departure,  which  demanded  further  investigation. 

Rumpf,'  using  a  vaccine  of  Bacillus  pyocj'aneus,  repeated  the  work  in 
another  group  of  cases,  and  observed  equally  favorable  results. 

Ichikawa,*  using  intravenous  injections  of  sensitized  vaccine,  and  Kraus 
and  Mazza,*  using  polyvalent  vaccine,  were  able  to  produce  favorable  modifica- 
tions in  60%  of  their  cases.  They  also  observed  equally  good  results  in  para- 
t\T)hoid  and  found  that  colon  vaccine  could  be  substituted  for  the  typhoid 
vaccine. 

More  recent  work  on  typhoid  has  been  reported  by  Liidke'  with  albumoses ; 
Saxl,'  using  a  solution  of  caffein  and  camphor;  Kibler  and  McBride,'  using 
typhoid  vaccine,  etc. 

Foreign  protein  has  been  used  also  in  the  treatment  of  arthritis.  Notable 
is  the   report  of  Miller  and   Lusk.*     Miller  later   summarizes   his   results  and 
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gives  an  extensive  bibliography  of  work  done  by  other  clinicians.*  The  results 
as  reported  appear  promising,  especially  in  acute  arthritis. 

Other  favorable  results  have  been  reported  in  skin  diseases,  puerperal  sepsis, 
conjunctivitis,  iritis,  trachoma,  typhus,  tuberculosis,  etc.  Among  the  variety 
of  proteins  employed  are :  colon  vaccine,  chicken  serum,  whole  blood,  proteose, 
albumose,  horse  serum,  and  autolyzed  vaccine. 

Closely  related  to  the  response  to  foreign  protein  is  the  old  and  familiar 
observation  that  a  specific  disease  may  sometimes  improve  with  the  advent 
of  some  intercurrent  infection.  For  example,  the  symptoms  of  acute  gonorrhea 
have  been  observed  to  subside  with  the  incidence  of  typhoid  fever.  Attention 
has  also  been  called  to  the  increased  resistance  of  the  body  to  various  common 
infections,  following  any  vaccine  injection. 

It  is  evident  that  foreign  protein  therapy  is  empirical  and  non- 
specific. Almost  any  foreign  protein  seems  to  be  effective,  and  may 
be  employed  more  or  less  successfully,  under  suitable  conditions,  in 
a  variety  of  diseases.  The  question  arises  as  to  what  factor  is  respon- 
sible for  the  apparent  benefits  observed.  If  this  manner  of  treatment 
is  to  be  placed  on  a  scientific  basis  this  factor  must  be  determined. 
Clinical  investigations  have  thrown  no  light  on  this  question.  The 
type  of  reaction  is  apparently  the  same  in  all  cases. 

As  described  by  Kibler  and  McBride'  the  reaction  of  a  typhoid  patient 
to  the  intravenous  injection  of  typhoid  vaccine  is  as  follows : 

1.  Temperature. — Within  a  few  minutes  to  1  hour  after  the  injection  a  chill 
occurs,  lasting  20-30  minutes.  This  is  followed  by  a  rapid  rise  of  tempera- 
ture which  later  falls  abruptly,  and  then  tends  to  remain  remittent  in  favor- 
able cases. 

2.  Leukocytes. — Usually  there  is  an  early  leukopenia  within  4  hours,  due 
mainly  to  a  disappearance  of  polymorphonuclears.  Within  about  12  hours  this 
is  followed  by  a  moderate  polymorphonuclear  leukocytosis. 

3.  Blood  pressure  is  usually  decreased  by  10-15  mm.  after  the  chill. 

4.  Coagulation  Time. — Only  slight  and  insignificant  changes  have  been 
observed. 

5.  Antibodies. — No  essential  difference  from  the  specific  response  to  the 
injection  of  typhoid  antigen  in  a  normal  individual  was  observed  in  these 
typhoid  patients.  It  is  to  be  noted,  however,  that  conditions  here  differ  some- 
what from  those  in  which  an  heterologous  protein  is  injected. 

The  reaction  in  arthritis  cases  agrees  essentially  in  the  first  four  particu- 
lars with  the  reaction  in  typhoid  fever.  The  antibody  response  will  be  con- 
sidered later.  Most  clinicians  seem  agreed  in  regarding  the  severe  chill  as 
the  most  important  factor  in  this  reaction.  It  is  evident  that  a  chill  alone 
cannot  be  responsible  for  the  marked  relief  from  pain  and  for  the  remission 
in  the  course  of  an  acute  arthritis.  It  is  possible,  however,  that  the  resulting 
hyperpyrexia  may  have  an  effect  in  favoring  immune  reactions  and  antibody 
production.  ' 

9  Miller:   Jour.   Am.   Med.   Assn.,    1917,   69,   p.    765. 
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Roily  and  Meltzer/'  in  a  study  on  the  effect  of  high  temperatures,  injected 
a  series  of  rabbits  with  small  doses  of  typhoid  bacilli  or  cholera  vibrios.  Some 
of  these  rabbits  were  kept  in  an  oven  so  that  their  body  temperature  remained 
between  40  and  42  C.  The  controls  were  kept  at  ordinary  room  temperature. 
They  observed  a  higher  average  production  of  agglutinins  and  lysins  in  the 
high  temperature  rabbits  than  in  the  controls.  They  also  showed  that  phago- 
cytosis by  human  leukocytes  in  vitro  occurs  at  its  optimum  between  Zl  and  40  C. 

More  recently,  Winslow,  Miller  and  Noble"  investigated  the  effect  of  moder- 
ately high  temperatures  on  the  production  of  lysins  against  sheep  blood  cor- 
puscles. They  kept  their  rabbits  in  an  oven  at  a  moderately  high  temperature, 
29  to  32  C.  Injections  of  sheep  cells  were  given  and  the  hemolytic  titer 
estimated  each  week.  They  found  that  the  rate  of  lysin  production  in  the 
heated  rabbits  was  slower  than  that  in  the  controls. 

These  experiments  may  indicate  that  a  moderately  high  temperature  lowers 
the  general  vital  resistance  to  a  beginning  infection.  Once  an  infection  is 
established,  however,  according  to  Roily  and  Meltzer's  results,  hyperpyrexia 
may  bring  about  a  greater  production  of  antibodies. 

If  a  specific  leukocytosis  could  be  observed,  one  might  think  that  this  would 
be  a  factor  in  overcoming  the  infection,  but  the  degree  of  leukocytosis  seems 
only  to  parallel  the  severity  in  each  case."  Gay  and  Claypole^*  believed  that 
a  specific  hyperleukocytosis  occurred  in  typhoid  immune  rabbits,  following 
injections  of  typhoid  bacilli,  but  McWilliams^*  later  showed  that  both  normal 
and  immune  rabbits  respond  to  about  the  same  degree.  The  leukocytosis 
therefore  cannot  be  regarded  as  specific. 

The  slight  variations  in  blood  pressure  and  coagulation  time  are  evidently 
insignificant. 

We  pass  now  to  a  consideration  of  the  antibody  response.  Very 
little  work  on  this  aspect  of  the  question  has  been  done,  yet  it 
seems  as  if  the  explanation  of  a  therapeutic  response,  in  the  case  of 
any  infection,  to  the  injection  of  a  substance  not  specifically  bac- 
tericidal to  the  infecting  organism,  should  logically  be  sought  in  the 
liberation  of  specific  antibodies  against  that  organism.  Ordinarily  when 
the  body  overcomes  a  streptococcic  infection,  for  example,  we  believe 
this  is  accomplished  by  the  production  of  antibodies  against  the  strep- 
tococcus. Why,  then,  should  we  not  suspect  that  the  therapeutic  effect 
of  foreign  protein  injections  in  infections,  obviously  not  due  to  the 
foreign  protein  per  se,  has  as  its  basis  the  liberation  of  specific  anti- 
bodies against  the  causative  organism?  In  the  case  of  arthritis  we 
believe  that  the  symptoms  persist  because  the  antibodies  which  should 
normally  be  produced  are  for  some  reason  not  liberated. 

In  the  light  of  Ehrlich's  receptor  theory,  we  recognize  three  distinct 
phases  in  the  production  of  antibodies:   (1)  the  sensitization  of  the 

10  Deutsch.   Arch.   f.   klin.    Med.,    1908,   94,   p.    335. 

11  Proc.   Soc.   Exper.   Biol,   and   Med.,   1916,    13,   p.   93. 
1-  Cross:   Journal-Lancet,    1917,   37,   p.   764. 

i»  Arch.   Int.    Med.,    1914,    14,   p.   662. 
"  Jour.   Immunol.,   1916,   I,   p.    159. 
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tissue  cells;  (2)  an  overproduction  of  sessile  receptors;  (3)  the 
liberation  of  these  receptors  from  the  cells.  A  perfect  antigen  is 
one  which  causes  all  of  these  phases  to  be  completed.  It  seems  a 
plausible  hypothesis  that  in  those  cases  of  arthritis,  etc.,  which  show 
a  rapid  therapeutic  response  to  injections  of  foreign  protein,  the 
etiologic  organism  is  acting  only  as  an  imperfect  antigen.  It  sensi- 
tizes the  cells  and  causes  sessile  receptor  production,  but  does  not 
give  the  necessary  stimulus  to  cause  these  receptors  to  be  thrown  off. 
The  foreign  protein  then  supplies  this  stimulus,  the  system  is  flooded 
with  specific  antibodies,  and  a  remission  of  the  infection  results. 
Although  a  variety  of  proteins  may  serve  to  complete  this  second 
phase,  the  reaction  is  still  absolutely  specific,  since  there  must  be  a 
specific  stimulation  of  cells,  and  a  final  liberation  of  specific  antibodies. 

In  this  connection  I  would  recall  the  experiments  of  Bruck."  According  to 
Ehrlich's  theory  a  molecule  of  tetanus  toxin  is  composed  of  a  haptophore 
group,  which  unites  with  the  cell  receptor,  and  a  toxophore  group,  which  is 
responsible  for  the  poisoning  of  the  cell.  This  toxophore  group  can  be  destroyed 
by  various  methods  such  as  heat,  light,  and  long  preservation.  The  toxin 
has  then  become  a  toxoid.  The  haptophore  group  can  still  unite  with  a  sessile 
cell  receptor,  or  with  a  specific  antibody,  but  because  of  the  absence  of  the 
toxophore  group  the  molecule  has  become  innocuous.  Bruck  injected  rabbits 
with  small  repeated  doses  of  such  a  toxoid.  The  rabbits  were  found  to  pro- 
duce very  little,  or  no  free  antitoxin,  the  amount  being  dependent  on  the  amount 
of  effective  toxophore  groups  which  still  remained  in  the  toxoid.  He  further 
showed  that  rabbits  injected  with  tetanus  toxoid,  during  the  first  few  suc- 
ceeding hours  possessed  a  greater  tolerance  for  tetanus  toxin,  but  that  later  they 
showed  an  actual  hypersensitiveness,  being  killed  by  only  a  fractional  portion 
of  the  ordinary  lethal  dose  of  toxin. 

These  results  Bruck  interpreted  as  follows :  The  haptophore  group  of  the 
toxoid  at  first  is  anchored  to  the  specific  cell  receptor.  The  toxin  molecule 
introduced  soon  afterward,  therefore,  cannot  reach  the  cell,  since  all  the  recep- 
tors are  blocked.  Later,  however,  an  overproduction  of  sessile  receptors  occurs, 
and  a  hypersensitiveness  to  toxin  results,  since  the  avenues  of  approach  to  the 
cell  are  increased  many  times.  The  toxoid  has  acted  as  an  inferior  antigen. 
It  has  brought  about  the  first  and  second  steps  of  antibody  production,  namely, 
(1)  sensitization  of  cell  receptors,  and  (2)  the  overproduction  of  similar  sessile 
receptors,  but  it  has  lacked  the  necessary  stimulus  to  cause  the  discharge  of 
these  receptors.  Had  the  rabbits  been  immunized  with  small  doses  of  unchanged 
toxin  this  third  stage  would  have  been  completed.  Bruck  therefore  sees  in 
the  toxophore  group  the  necessary  stimulus  for  the  setting  free  of  the  receptors. 
Might  not  a  foreign  protein,  in  an  analogous  way,  supply  such  a  stimulus?  It 
was  with  this  hypothesis  in  view  that  I  undertook  an  investigation  of  the 
effect  of  foreign  protein  on  antibody  production.  The  experiments  have  been 
conducted*  entirely  with  rabbits,  because  all  the  factors  can  thus  be  much  more 
accurately  controlled  than  in  a  purely  clinical  investigation. 

"  Ztschr.   f.   Hyg.   u.   Infections-Krankh.,   1904,  46,  p.    176;  48,  p.   113. 
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Several  other  investigations  have  been  reported  which  touch  on  the  immtine 
reactions  in  foreign  protein  therapy. 

Jobling  and  Petersen"  report  a  "mobilization  of  ferments,"  notably  protease 
and  lipase,  following  foreign  protein  injections.^  Later"  they  point  out  an 
"increase  in  antiferment,"  dependent  on  "highly  dispersed,  imsaturated  lipoids," 
and  conclude  that  "the  main  therapeutic  factor  is  probably  an  increased  dis- 
persion of  colloids." 

Culver^*  investigated  the  opsonin  and  lysin  content  in  the  serum 
of  patients  with  gonorrheal  arthritis,  after  intravenous  injections  of 
gonococcic  vaccine  and  proteose.  He  reports  a  rise  in  titer  of  these 
antibodies. 

BulF^  reports  a  rise  in  the  antibodies  of  typhoid  immune  rabbits 
after  the  injection  of  typhoid  bacilli ;  but  his  results  could  not  be  con- 
firmed by  Teague  and  McWilliams,^"  who  suggest  a  new  theory  to 
explain  the  therapeutic  effect  on  cases  of  typhoid,  of  intravenous 
injections  of  typhoid  vaccine.  On  the  supposition  that  blood  serum 
is  mere  bactericidal  than  lymph,  they  base  the  theory  that  the  vaccine 
causes  a  greater  flow  of  bactericidal  serum  into  the  lymphoid  organs, 
and  thus  overcomes  the  local  infection.  It  does  not  appear  that  this 
theory  has  been  substantiated. 

On  the  basis  of  the  hypothesis  that  the  foreign  protein  reaction  serves  as 
a  stimulus  to  set  free  specific  antibodies,  I  first  investigated  opsonins  for  the 
streptococus.  This  organism  is  notably  a  poor  antigen,  in  that  it  is  diflBcult 
to  obtain  a  high  antibody  titer  against  it.  An  animal  sensitized  with  this 
organism  should  therefore  be  a  favorable  subject  for  the  liberation  of  anti- 
bodies by  foreign  protein. 

Series  1. — Two  rabbits  were  injected  intravenously  at  3-day  intervals  with 
1  c  c  of  a  fresh  suspension  of  killed  Streptococcus  viridans.  The  organism 
was  grown  on  blood  agar  slants,  and  a  24-hour  growth  washed  off  with  10  cc 
salt  solution.  This  emulsion  was  heated  at  60  C.  for  1  hour  to  kill  the  bacteria, 
and  1  c  c  of  this  vaccine  used  as  a  dose.  A  fresh  vaccine  was  made  each 
time.  The  fourth  injection  consisted  of  V2  c  c  of  living  streptococci.  Five 
days  later  the  opsonic  index  was  determined,  and  2  c  c  of  human  ascitic  fluid 
injected  intravenously. 

The  method  of  determining  the  opsonic  index  was  that  of  Wright,  using 
the  experimenter's  own  leukocytes  and  serum  as  a  standard. 

Both  rabbits  were  found  to  have  a  very  low  opsonic  index  5  days  after  the 
fourth  injection  of  streptococci ;  2  c  c  of  human  ascitic  fluid  were  then  injected, 
and  a  marked  rapid  rise  of  opsonins  occurred,  the  total  increase  being  700% 
in  48  hours.  Apparently  the  foreign  protein  acted  as  an  effective  stimulus  to 
liberate  sessile  receptors. 

!•  Jour.  Am.  Med-  Assn.,  1915,  65,  p.  515. 

"  Ibid.,  1916,  66,  p.  1753. 

i«  Jour.  Lab.  and  Oin.  Med.,  1917,  3,  p.  11. 

i»  Jour.  Exper.  Med.,  1916,  23,  p.  419. 

*  Jour.  Immunol.,  1917,  2,  p.  185. 
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After  18  days  the  opsonic  content  was  again  found  to  be  at  a  low  level. 
Two  further  injections  of  streptococci  were  then  given.  This  time  an  inter- 
esting variation  in  response  occurred.  The  opsonic  index  of  Rabbit  17  rose, 
while  that  of  Rabbit  311  co^itinued  to  fall.  In  the  former  the  streptococci 
evidently  acted  as  a  perfect  antigen,  causing  all  three  stages  of  antibody  pro- 
duction,  while   in   the   latter   the   final    liberation   of   antibodies    did   not   take 
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Chart  1   (Series  1). — Opsonins  for  streptococcus. 
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place.  This  supposition  was  confirmed  by  the  effect  of  an  injection  of 
ascitic  fluid.  In  Rabbit  17  there  resulted  no  further  increase  in  opsonins.  The 
stimulus  of  the  antigen  had  been  sufficient  to  liberate  all  antibodies.  In  Rabbit 
311  a  rapid  liberation  of  opsonins  followed  the  foreign  protein  injection.  In 
this    case  'we   picture   the   tissue    cells    as    loaded    with    an    overproduction    of 
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specific    sessile    receptors.     The    foreign    protein    reaction    then    acted    as    an 
eflFective  stimulus  to  cause  the  cells  to  throw  oflE  these  receptors. 

Series  2. — In  this  series  2  rabbits  were  injected  with  fresh  suspensions  of 
meningococci,   and   human    serum   was   used   as    foreign   protein.     Rabbit   395 
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received  2  injections  of  serum  with  a  resulting  rise  after  each  injection. 
Apparently  the  cells  were  not  completely  desensitized  by  the  first  serum  injec- 
tion. Rabbit  268  received  no  second  injection  and  showed  a  gradual  decrease 
in  opsonins. 
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In  order  to  demonstrate  whether  these  antibodies  were  specific  for  men- 
ingococci, and  also  as  a  control  of  the  technic,  the  serums  were  also  tested 
each  time  for  opsonins  against  B.  typhosus.  The  typhoid  opsonic  index 
remained  low  and  unchanged  throughout. 

Series  3. — Two  rabbits  were  given  4  intravenous  injections  of  S.  viridans 
at  3-day  intervals,  as  in  Series  1.  Six  days  after  the  fourth  injection  the 
opsonic  index  was  determined.  Rabbit  31  then  received  1  c  c  of  human  serum 
intravenously,  while  Rabbit  32  was  used  as  a  control  and  received  no  serum. 
The  former  showed  a  rise  of  38%  on  the  third  day  following,  while  the  opsonic 
index  of  the  latter  remained  stationary.  The  control  test  for  B.  typhosus 
remained  unchanged  in  both  cases. 

During  the  next  40  days  4  injections  of  a  dextrose  broth  culture  of  strepto- 
coccus were  given.  Six  days  after  the  last  injection  the  opsonic  index  was 
again  determined.  It  was  found  lowered  in  both  rabbits.  Rabbit  32  then 
received  1  c  c  of  human  serum.  There  followed  a  rise  of  nearly  300%. 
Rabbit  31  showed  a  spontaneous  rise,  but  to  a  much  less  degree.  A  check 
opsonic  determination  for  meningococci  showed  no  variation. 

It  was  now  thought  that  if  an  increase  in  opsonins  occurred,  following 
foreign  protein  injection,  it  should  also  be  possible  to  demonstrate  a  simul- 
taneous rise  in  the  agglutinin  titer  for  streptococci. 

The  agglutinin  titer  was  determined  by  the  microscopic  method  as  follows : 
The  rabbits  were  bled  from  the  ear  veins,  the  blood  allowed  to  clot,  and  the 
serum  separated  by  means  of  rapid  centrifuging.  Varying  dilutions  of  the 
serum  were  then  made  in  0.9%  salt  solution.  Hanging  drop  preparations  were 
made  by  placing  on  a  coversHp,  with  a  small  platinum  loop,  1  drop  each  of 
diluted  serum  and  of  a  15-hour  dextrose-broth  culture  of  streptococcus.  The 
coverslips  were  then  inverted  on  vaselined  hollow-  ground  slides,  and  left  at 
room  temperature.  Readings  were  then  taken  under  the  microscope  at  the  end 
of  3  hours.  Positive  agglutination  could  be  observed  in  the  lower  dilution, 
consisting  of  definite  clumping  of  the  streptococcal  chains.  The  highest  degree 
of  dilution  in  which  a  positive  test  occurred  was  recorded  as  the  agglutinin  titer. 

The  first  tests  were  made  simultaneously  with  the  last  opsonic  determina- 
tions. In  response  to  the  first  serum  injection  Rabbit  32  showed  a  rise  in 
agglutinin  titer  of  250%.  Rabbit  31,  which  served  as  a  control  at  this  time, 
also  showed  a  slight  rise  (50%)  and  continued  to  rise  gradually.  The  agglu-. 
tinin  titer  of  Rabbit  32  began  to  fall  after  the  third  day.  All  the  sessile  recep- 
tors apparently  had  been  freed  by  the  foreign  protein  injection,  while  in 
Rabbit  31,  without  the  stimulus  of  foreign  protein,  they  were  liberated  to  a 
less  degree  and  more  slowly. 

In  order  to  resensitize  the  tissue  cells  2  c  c  of  broth  culture  were  now 
injected.  Seven  days  later  the  agglutinin  titer  had  fallen  very  low  in  both 
rabbits.  This  time  Rabbit  31  received  1  c  c  of  human  serum,  while  Rabbit  32 
served  as  control.  A  rapid  rise  of  agglutinin  titer  occurred  in  the  former  which 
then  remained  stationary.  In  the  control  rabbit  a  more  gradual  rise  occurred. 
Thus  the  specific  response  to  the  foreign  protein  injection  was  again  observed. 

Series  4. — It  now  became  necessary  to  investigate  whether  or  not  foreign 
protein  injections  would  serve  to  bring  about  a  mobilization  of  antibodies 
against  an  organism  which  was  known  to  be  a  good  antigen,  that  is,  one  which 
when  injected  into  an  animal,  would  readily  cause  the  production  of  a  high 
titer  of  free  antibodies.  The  typhoid  bacillus  is  known  to  be  such  a  perfect 
antigen,  when  injected  into  rabbits.  Indeed,  it  is  not  unusual  to  obtain  an 
agglutinin  titer  against  typhoid  as  high  as  1 :  500,000  dilution. 
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Two  rabbits  were  injected  repeatedly  with  emulsions  of  typhoid  bacilli, 
until  they  showed  an  agglutinin  titer  of  1 :  50,  on  testing  by  the  macroscopic 
method;  1  c  c  of  guinea-pig  serum  was  then  injected  and  the  agglutinin  titer 
a£^9  determined  in  48  and  72  hours.     No  rise  in  titer  was  apparent. 

Further  injections  of  typhoid  bacilli  were  then  given  until  the  agglutinin 
titer  reached   1:100.     Then   Vi^  cc  of  human  serum  was   injected.     Again  no 


£.0 


IW 


Li 
10 
08 

o« 

04 

oz 

MO 
tTD 

Jho 

3 

E 

3 

« 
KO  - 


Control  Jor 
B.  typhosus/ 


"T 1 r 

Rabbtt  "31 


pS.  index 


nabUt  -32 


/ 


CorArol  tor  mctMn^ococcus 


CaiOral  for 
B  typhoaos 


Control  |or 
:ningoeoecu3 


Ops.indev 

forStptp. 


£ 
i     a.      o 

Co 

2   £     2 
«*  ...     ^ 


A^lutinintitre.  ■^or  5trep. 


5         C        5         10        __         _  _  ... 

Chart  3   (Series  3). — Opsonins  and  agglutinins   for   streptococcus. 
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increase  in  agglutinins  could  be  observed  during  the  next  72  hours.    A  second 
injection  of  human  serum  did  not  change  the  titer. 

In  order  to  check  these  negative  results  2  more  rabbits  were  immunized 
with  typhoid  bacilli.  After  2  injections  of  bacilli  the  agglutim'n  titer  was  found 
to  be  zero,  by  the  microscopic  hanging  drop  method,  as  described  under 
Series  3;  Vz  cc  of  human  serum  was  then  injected,  and  the  antibody  titer  again 
determined  on  the  third  day  following.  Again  no  agglutinins  were  found. 
Evidently  the  rabbits  had  not  yet  been  sufficiently  sensitized  against  the  bacilli. 
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Immunization  with  typhoid  bacilli  was  then  continued  until  the  microscopic 
method  revealed  an  agglutinin  titer  of  1 :  3,000.  Two  c  c  of  human  ascitic  fluid 
were  then   injected   intravenously.     No    rise   in   agglutinin   content    resulted. 

The  serum  of  these  rabbits  was  also  tested  for  complement  fixing  bodies, 
with  the  idea  in  mind  that  the  foreign  protein  reaction  might  possibly  bring 
about  a  liberation  of  such  antibodies,  although  it  apparently  had  no  effect  on 
the  agglutinin  content. 

As  an  antigen  in  the  complement  fixation  test  an  old  suspension  of  typhoid 
bacilli  in  salt  solution,  to  which  0.3%  tricresol  had  been  added,  was  used.  The 
test  was  carried  out  with  the  usual  technic,  using  this  typhoid  antigen,  washed 
sheep  blood  cells,  fresh  guinea-pig  complem.ent,  and  rabbit  amboceptor.  The 
serum  of  the  typhoid  immune  rabbits  was  inactivated  by  heating  at  56  C.  for 
Vz  hour,  then  diluted,  and  the  fixing  power  of  a  given  quantity  tested.  It  was 
found  that  the  ability  of  the  inactivated  serum  to  fix  complement  was  not 
changed  in  the  slightest  degree  by  foreign  protein  injections. 

We  must  conclude  that  foreign  protein  injections  hajv^e  no  effect  on  the 
antibody  production  in  typhoid  immune  rabbits.  The  typhoid  bacillus  is  appar- 
ently a  perfect  antigen  in  rabbits,  and  no  foreign  protein  is  needed  to  stimu- 
late the  liberation  of  antibodies  against  it. 

How,  then,  can  we  reconcile  this  with  the  apparent  therapeutic  benefits 
observed  in  some  human  patients?  May  it  not  be  possible  that  some  patients 
do  not  react  completely  to  the  antigenic  stimulation  of  the  typhoid  bacillus? 
In  such  cases  the  foreign  protein  might  well  serve  as  a  stimulus  causing  the 
sensitized  cells  to  throw  off  their  sessile  receptors.  This  sudden  flooding  of 
the  system  with  antibodies  might  then  be  responsible  for  the  remission  in  the 
disease.    This  hypothesis  seems  to  be  supported  by  the  succeeding  series.    , 

Series  5. — Thus  far  I  have  recorded  observations  on  opsonins  and  agglu- 
tinins. It  seemed  desirable  also  to  investigate  the  response  of  a  third  type  of 
antibodies,  lysins,  to  foreign  protein  injections.  Since  it  is  difficult  to  make 
accurate  determinations  of  the  lysin  content  of  a  serum  for  a  specific  bacterial 
cell,  we  decided  to  use  as  our  antigen  washed  sheep  corpuscles.  A  hemolytic 
titer  can  be  very  accurately  obtained,  while  a  bacteriolytic  titer,  obtained  by  the 
method  of  extinction  and  plating,  is  modified  by  too  many  possible  errors 
of  technic. 

It  is  well  known  that  rabbits  will  readily  produce  lysins  against  sheep 
corpuscles.  Common  use  is  made  of  this  fact  in  producing  amboceptor  for 
the  hemolytic  system  of  the  Wassermann  reaction.  We  may  say,  therefore, 
that  sheep  ce\\§  act  as  a  good  antigen  when  injected  into  rabbits.  This  would 
allow  us  to  predict,  on  the  basis  of  the  preceding  series,  that  foreign  protein 
injection  into  rabbits  sensitized  against  sheep  cells  would  have  little  effect  on 
the  liberation  of  specific  lysins.  It  has,  however,  been  frequently  observed  in  this 
laboratory  that  a  great  variation  exists  in  the  readiness  with  which  different 
rabbits  will  produce  amboceptor  when  injected  with  sheep  cells.  Rubinstein^ 
recently  studied  the  hemolytic  titer  of  rabbits  after  3  injections  of  sheep  red 
cells.  The  titer  was  determined  before  each  injection,  and  7  days  after  the 
third.  He  found  that  of  11  rabbits  only  8  showed  a  definite  marked  rise  in 
lysins  after  each  injection.  In  one  of  the  remaining  3  the  titer  remained  the 
same,  and  in  the  other  2  there  was  even  a  decrease  in  lysin  content  after  suc- 
cessive injections.  In  such  rabbits  as  the  latter  3  the  sheep  cells  evidently  acted 
only  as  an  inferior  antigen,  and  in  such  cases  we  would  expect,  on  the  basis 
of  our  previous  work,  to  be  able  to  liberate  antibodies  by  means  of  foreign 
protein  injections. 

"  Campt.   rend.    Soc.   de  biol.,    1917,   80,   p.   908. 
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The  hemolytic  system  in  these  experiments  consisted  of  0.10  c  c  fresh 
guinea-pig  complement  (diluted  1:10),  0.5  cc  of  a  2%  suspension  of  fresh 
washed  sheep  corpuscles,  1.5  c  c  of  0.9%  salt  solution,  and  graduated  amounts 
•of  inactivated  rabbit  serum.  The  least  amount  of  serum  that  would  cause  com- 
plete hemolysis  after  incubation  at  Zl  C.  for  1  hour  was  recorded  as  the 
lysin  titer. 
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A  total  of  20  rabbits  was  used  in  this  series.  The  rabbits  were  injected 
intravenously  with  2  initial  doses  of  sheep  corpuscles  in  salt  solution.  As  a 
rule  the  lysin  content  was  then  measured,  10-12  days  after  the  last  injection, 
it  having  been  determined  that  the  lysin  titer  normally  reaches  its  height  by 
the  end  of  this  period.     After  foreign  protein  injections,  either  human  serum 
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or  typhoid  vaccine,  the  lysin  content  was  again  determined,  usually  in  12 
hours,  in  order  to  give  ample  time  for  any  resulting  change  in  titer  to 
take  place. 

In  Rabbit  386  sheep  cells  evidently  acted  as  an  inferior  antigen,  the  lysin 
content  11  days  after  the  second  injection  being  very  low  and  remaining  so; 
0.25  c  c  of  human  serum  injected  on  the  17th  day  after  the  last  injection  did 
not  influence  the  lysin  content.  Believing  that  this  was  due  to  the  fact  that 
the  tissue  cells  were  no  longer  properly  sensitized,  another  injection  of  sheep 
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cells  was  given.  Eleven  days  after  this  the  titer  was  still  at  the  same  low 
level.  An  injection  of  foreign  protein  (typhoid  vaccine)  was  then  given,  and 
an  immediate  marked  liberation  of  lysins  occurred.  These  antibodies  dis- 
appeared rapidly.  A  second  injection  of  typhoid  vaccine  in  7  days  had  no 
effect  on  raising  the  lysin  titer,  but  the  curve  continued  to  fall  rapidly.  A 
third  injection  of  red  cells  was  then  given  and  this  time  acted  as  a  perfect 
antigen.  The  lysin  content  rose  to  its  height  in  10  days  and  remained  high 
for  several  days.  After  it  began  to  decrease  another  injection  of  red  cells 
was  given,  but, this  time  an  injection  of  ascitic  fluid  was  given   only  4  days 
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later,  in  order  to  determine  whether  an  early  stimulation  by  foreign  protein 
would  serve  to  liberate  antibodies.  A  very  pronounced  mobilization  of  lysins 
followed. 

This  alternating  introduction  of  red  cells  and  foreign  protein  was  continued. 
Every  time  the  mere  injection  of  antigen  (red  cells)  failed  to  produce  lysins 
in  the  ratbit  serum  a  mobilization  of  these  antibodies  could  be  effected  by 
foreign  protein.  When,  on  the  other  hand,  there  was  a  normal  response  to 
the  antigen,  the  foreign  protein  was  followed  by  no  further  liberation  of  lysins. 
After  the  last  2  injections  of  red  cells  apparently  all  the  receptors  were  not 
spontaneously  liberated  because  there  was  a  slight  response  to  foreign  protein 
10  days  later. 

Rabbits  387  and  362  were  of  the  same  type,  as  they  failed  to  respond  to 
injections  of  red  cells  by  a  proper  production  of  antibodies,  but  when  then 
injected  with  foreign  protein  a  marked  liberation  of  lysins  occurred. 

Rabbits  30  and  39  responded  very  well  to  the  antigenic  stimulation  of  sheep 
cells ;  Rabbit  39  was  used  as  a  control  while  Rabbit  30  received  human  serum 
on  the  11th  day  following  the  last  injection  of  antigen.  No  marked  difference 
was  noted  in  the  reactions  of  the  2  rabbits.  This  was  observed  also  in  a 
number  of  other  cases.  When  the  titer  is  already  high,  foreign  protein  will 
not  bring  about  a  further  rise  in  antibody  content. 

Rabbit  51  represents  a  negative  result  which  cannot  be  readily  explained. 
The  typhoid  vaccine  injected  on  the  29th  day  should  have  been  followed  by  a 
rise  in  antibodies,  according  to  our  other  observations,  since  the  red  cells  11 
days  earlier  had  not  produced  a  liberation  of  lysins.  In  other  respects,  how- 
ever, this  curve  is  in  accord  with  the  general  results. 

SUMMARY 

In  rabbits  sensitized  with  streptococci  a  definite  liberation  of  spe- 
cific opsonins  and  agglutinins  follows  the  injection  of  foreign  protein. 

A  similar  rise  in  specific  opsonins  also  occufs  in  rabbits  sensitized 
with  meningococci.* 

Foreign  protein  injections  have  no  effect  on  antibodies  in  typhoid 
immune  rabbits. 

In  suitable  rabbits,  which  do  not  readily  produce  lysins  against 
sheep  corpuscles,  the  injection  of  foreign  protein  within  10  days  after 
the  injection  of  antigen  is  followed  by  a  marked  liberation  of  spe- 
cific lysins. 

A  variety  of  foreign  proteins  can  be  used.  Human  serum,  typhoid 
vaccine,  human  ascitic  fluid,  and  guinea-p^  serum  proved  equally 
efficacious. 

.  CONCLUSION 

The  intravenous  injection  of  foreign  protein  serves  as  a  stimulus 
for  the  liberation  of  specific  antibodies  in  animals  in  which  the  pre- 
viously injected  antigen  is  unable  to  cause  such  a  liberation.  This 
insufficiency  may  lie  either  in  the  antigen  or  in  the  rabbit. 


(Reprinted  from  The  Journal  of  Experimental  Medicine,  August  1,  1918, 
Vol.  xxviii,  No.  2,  pp.  193-212.1 
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The  object  of  this  investigation  is  the  study  of  the  function  of 
kidneys  in  the  early  stages  of  experimental  hydronephrosis  by 
means  of  the  phenolsulfonephthalein  test  of  Rowntree  and  Geraghty 
(1).  The  anatomic  changes  in  hydronephrosis  have  been  thoroughly 
studied  by  other  observers  and  will  be  discussed  here  only  as  they 
pertain  to  the  main  purpose  of  the  paper. 

Anatomic  Changes  in  Hydronephrosis. 

The  anatomic  changes  after  complete  obstruction  of  the  ureter  will 
be  discussed  in  stages  corresponding  in  duration  to  the  experiments 
given  below. 

During  the  first  3  days  only  slight  changes  are  noted.  Suzuki  (2) 
found  a  considerable  dilatation  of  the  collecting  and  distal  convoluted 
tubules,  but  only  a  slight  dilatation  of  the  proximal  convoluted  tubules 
at  this  stage.  Fabian  (3)  noted  a  slight  general  dilatation  of  the 
tubules  as  early  as  3  hours  after  ligature  of  the  ureter.  In  a  kidney 
with  hydronephrosis  of  3  days'  duration  I  noted  a  considerable  dila- 
tation of  the  collecting  tubules  and  those  portions  of  Henle's  loops 
lined  by  flattened  epithehum,  in  both  cortex  and  medulla.  The  proxi- 
mal convoluted  tubules,  however,  showed  no  definite  change.  The 
renal  pelvis  was  moderately  dilated. 

In  hydronephrosis  of  about  a  week's  duration  much  more  pro- 
nounced changes  develop.  Suzuki,  in  a  hydronephrosis  of  9  days' 
duration,  found  marked  dilatation  of  the  capsular  spaces  and  the 
collecting  tubules,  and  moderate  dilatation  of  the  distal  convoluted 
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tubules  and  both  limbs  of  Henle's  loops.  The  proximal  convoluted 
tubules  showed  slight  or  no  dilatation.  A  few  casts  were  found  distal 
to  the  first  convoluted  tubule.  Casts  in  the  medulla  are  mentioned 
by  Ponfick  (4).  Scott  (5)  found  collapse  of  some  tubules  in  the  apical 
portion  of  the  pyramid,  but  my  observations  do  not  confirm  this.  In 
a  hydronephrosis  of  7  days'  duration  I  observed  marked  dilation  of 
the  ureter  and  pelvis,  and  the  kidney  was  distinctly  pale.  The  cor- 
tex was  thinner  in  the  portions  lateral  to  the  sinus  than  elsewhere. 
The  collecting  tubules  everywhere  are  dilated  (Fig.  3).  The  proxi- 
mal convoluted  tubules  are  unchanged  or  slightly  reduced  in  size  in 
all  parts  of  the  kidney  except  in  the  portions  lateral  to  the  sinus  where 
they  are,  for  the  most  part,  markedly  reduced  in  size.  Numerous 
casts  are  found  in  the  collecting  tubules  in  some  parts  of  the  kidney. 

In  hydronephrosis  of  about  2  weeks'  duration  the  changes  have 
become  very  pronounced.  Suzuki  described  a  narrowing  of  the 
parenchyma,  most  marked  in  the  portions  adjacent  to  the  hilus. 
There  was  dilatation  of  the  collecting  and  the  distal  convoluted  tubules. 
The  proximal  convoluted  tubules  and  the  loops  of  Henle  were  usually 
collapsed,  showing  beginning  atrophy.  The  atrophy  was  much  more 
pronounced  in  the  portions  adjacent  to  the  hilus  than  in  the  mid-sagittal 
portions.  Occasionally  a  proximal  convoluted  tubule  showed  dilata- 
tion with  a  thinned  epithelium.  Very  few  casts  were  noted.  In  my 
control  animal  with  a  hydronephrosis  of  2  weeks'  duration  the 
kidney  was  very  pale.  The  pelvis  and  ureter  were  markedly  dilated. 
The  parenchyma  was  thinned,  especially  in  the  parts  lateral  to  the 
sinus.  The  collecting  tubules  were  all  considerably  dilated.  The 
proximal  convoluted  tubules  usually  showed  collapse  with  a  moderate 
amount  of  atrophy.  Some  of  these  tubules  were  moderately  dilated 
and  had  a  thin  epithelium  (Fig.  8).  In  the  portions  lateral  to  the 
sinus  of  the  kidney  the  dilatation  of  the  tubules  was  pronounced  and 
the  atrophy  of  the  proximal  convoluted  tubules  was  also  much  greater 
than  in  other  portions  of  the  kidney.  Very  few  casts  were  to  be  seen 
(Fig.  9). 

My  observations  agree  with  those  of  Suzuki  that  the  portions  of 
renal  parenchyma  lateral  to  the  sinus  of  the  kidney  are  much  more 
severely  injured  than  other  parts  of  the  kidney.  The  collecting 
tubules  draining  these  lateral  portions  of  the  kidney  are  entirely  col- 
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lapsed.  Suzuki's  explanation  of  this  phenomenon  seems  entirely 
satisfactory'.  He  points  out  that  the  collecting  tubules  draining  these 
portions  of  the  kidney  are  subjected  to  much  greater  pressure  than 
in  other  parts  of  the  parenchyma. 

In  hydronephrosis  of  about  3  weeks'  duration  Suzuki  noted  marked 
atrophy  of  the  proximal  convoluted  tubules  and  dilatation  of  the 
collecting  tubules.  The  atrophic  changes  were  much  more  pro- 
nounced in  the  lateral  than  in  the  mesial  parts  of  the  renal  paren- 
chyma. My  observations  on  a  hydronephrosis  of  19  days'  duration 
are  essentially  the  same  as  Suzuki's.  In  the  lateral  portions' of  the 
kidney  the  proximal  convoluted  tubules  are  in  a  state  of  advanced 
atrophy  with  relative  or  absolute  increase  of  the  intervening  connec- 
tive tissue.  The  atrophy  of  the  tubules  in  the  mesial  portions  of  the 
kidney  is  not  nearly  so  pronounced.  Collecting  tubules  are  every- 
where dilated.     Only  a  few  casts  are  to  be  seen. 

Some  authors  mention  areas  of  l}Tnphocytic  infiltration  in  hydro- 
nephrotic  kidneys  but  these  were  not  found  in  my  experimental  ani- 
mals except  where  tubular  atrophy  was  extreme.  Probably  most  of 
these  lymphocytic  infiltrations  mentioned  by  various  authors  are 
examples  of  spontaneous  nephritis  which  is  common  in  rabbits. 

Anatomic  Changes  in    Temporary   Hydronephrosis   with   Subsequent 

Drainage. 

The  investigators  mentioned  above  studied  the  changes  in  hydro- 
nephrosis without  drainage.  Others  removed  the  obstruction  to  the 
ureter  after  suitable  intervals,  established  drainage,  and  studied 
the  subsequent  changes. 

Rautenberg  (6)  ligatured  the  ureter  close  to  the  bladder  to  produce  a  hydro- 
nephrosis. At  a  second  operation  an  anastomosis  was  made  connecting  the  di- 
lated ureter  and  the  bladder,  and  at  a  third  operation  the  sovmd  kidney  was  re- 
moved. In  this  manner  the  changes  which  were  produced  in  the  period  of  ob- 
struction plus  those  occurring  in  the  period  of  drainage  could  be  studied.  The 
duration  of  hydronephrosis  in  his  experiments  varied  from  2  to  6  weeks  with  sub- 
sequent drainage  even  as  long  as  6  months.  He  summarized  his  results  as  follows: 
Temporary  ligature  causes  atrophy  of  the  epithelial  cells,  especially  in  the  con- 
voluted tubules  of  the  cortex.  The  degree  of  atrophy  varies  directly  with  the 
duration  of  obstruction  and  the  injur>'  is  not  uniformly  distributed  through  the 
kidney.    New  connective  tissue  fills  the  space  left  by  shrinkage  of  the  tubules. 
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Some  of  the  atrophic  tubules  return  to  normal  size  with  a  corresponding  decrease 
of  the  new  connective  tissue.  The  extent  of  the  recovery  varies  directly  with 
the  length  of  the  drainage  period.  The  recovery  varies  markedly  in  distribution 
and  degree,  sharply  contrasted  areas  of  atrophic  and  normal  tubules  being  found 
in  close  association.  He  believes  that  the  recovery  is  not  permanent.  The  epi- 
thelial cells  do  not  functionate  normally,  regressive  changes  again  prevail,  and 
eventually  complete  atrophy  of  the  entire  tubule  results.  The  finding  of  in- 
creased blood  vessel  anastomoses  between  the  kidney  and  surrounding  tissue, 
claimed  by  Lindemann  (7),  was  not  confirmed  by  Rautenberg. 

Bradford  (8)  ligatured  the  ureter  on  one  side  in  dogs,  and  after  intervals  of  from 
11  to  40  days  brought  the  dilated  ureter  to  the  abdominal  surface  and  established 
a  urinary  fistula.  The  animals  were  kept  for  7  to  51  days  following  the  second 
operation.  In  three  of  the  experiments  a  pyonephrosis  developed,  but  the 
other  nine  remained  free  from  infection.  She  found  that  after  the  second  op- 
eration the  kidney  returned  to  its  normal  shape  but  was  reduced  to  a  third  or 
half  of  its  normal  size.  The  ureter  remained  thickened  and  dilated.  Micro- 
scopically therewas  no  general  increase  of  connective  tissue,  except  along  the  blood 
vessels.  The  renal  tubules  were  crowded  together,  many  had  disappeared,  es- 
•  pecially  in  the  cortex,  and  the  epithelial  cells  were  much  smaller,  with  a  distinct 
loss  of  granulation.  These  factors  accounted  for  the  decrease  in  the  size  of  the 
kidney. 

The  changes  in  temporary  hydronephrosis  have  been  described  a'so  by  Corbett 
(9)  and  by  Amos  (10). 

Functional  Studies  in  Kidneys  with  Hydronephrosis. 

The  studies  made  of  the  functional  capacity  of  kidneys  with 
hydronephrosis  may  be  divided  into  two  groups.  In  the  first  group 
hydronephrosis  was  produced  by  a  complete,  sudden  blocking  of  the 
ureter  and  functional  studies  were  made  at  the  completion  of  the  de- 
sired period  of  dilatation.  In  addition,  some  of  the  experimenters  of 
this  group  removed  the  obstruction,  established  drainage,  and  were 
able  to  make  functional  studies  during  the  period  of  drainage.  In 
the  second  group  hydronephrosis  was  produced  by  a  constant  partial 
obstruction,  sufficient  to  impede  but  not  to  stop  the  flow  of  urine. 

Hydronephrosis  Produced  by  Complete  Obstruction  without  Drainage. — Suzuki 
studied  the  function  of  hydronephrotic  kidneys  by  determining  their  ability  to 
excrete  indigo  carmine.  The  dye  was  injected  shortly  before  the  animals  were 
killed.  Judging  by  the  presence  of  carmine  masses  in  the  lumina  and  carmine 
granules  in  the  cells  of  the  tubules,  he  concludes  that  there  is  a  progressive  de- 
crease of  function  with  the  duration  of  the  hydronephrosis.     In  early  stages  the 
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• 
function  is  fairly  good,  but  after  3  weeks  it  is  greatly  reduced  and  is  apparently 
limited  to  a  few  convoluted  tubules  in  the  medial  part  of  the  kidney. 

Boetzel  (11)  produced  a  unilateral  hydronephrosis  by  ligaturing  the  ureter 
close  to  the  bladder,  then  injected  toluidine  for  functional  study,  and  killed  the 
ani  Tials  7  hours  following  the  injection.  Toluidine  is  eliminated  by  the  convoluted 
tubules.  After  a  dilatation  of  6  days'  duration  no  coloring  matter  was  foimd  in 
the  pelvic  fluid.  After  21  days  scarcely  any  granules,  and  after  30  days  no  dye 
granules  were  fovmd  in  the  renal  cells.  If  the  pressure  is  released  in  from  21  to 
30  days  the  kidney  excretes  some  of  the  dye  in  the  urine,  and  after  some  time 
granules  appear  in  the  tubules.  From  this  he  concludes  that  accumulation  of 
dye  granules  in  the  cells  and  excretion  are  independent,  and  that  in  Suzuki's 
experiments  the  carmine  casts  found  are  due  to  an  abnormal  secretion  of  tubules 
injured  by  the  carmine  itself.  He  agrees  with  Rautenberg  that  kidneys  dilated 
4  weeks  or  lo  nger  are  injured  beyond  functional  power  and  does  not  think  that  all 
the  compressed  tubules  can  recuperate. 

Lindemann  (12)  found  an  impaired  output  of  indigo  carmine  from  a  kidney  the 
ureter  of  which  had  been  ligatured  for  only  1^  hours. 

Pfaundler  (13)  obstructed  the  ureter  on  one  side  for  periods  varying  from  15 
minutes  to  6  hours  and  analyzed  the  fluid  obtained.  He  compared  the  urine  from 
both  kidneys  and  found  an  increased  volume  of  urine  but  a  decreased  concentra- 
tion of  urea  and  sodium  chloride  on  the  obstructed  side. 

Bainbridge  (14)  made  a  unilateral  hydronephrosis  in  cats  by  ligaturing  the 
ureter.  After  varying  periods  of  dilatation  he  measured  the  pressure  of  the  re- 
tained fluid  and  then  analyzed  it.  After  emptying  the  pelvis  he  collected  the 
secretion  from  the  two  sides  simultaneously,  using  salt  as  a  diuretic.  He  found 
a  steady  diminution  in  the  amount  of  water  and  solids  excreted  by  the  dilated 
side,  decreasing  directly  with  the  duration  of  the  hydronephrosis.  The  acidity 
was  also  diminished.  The  power  of  excretion  was  not  entirely  lost  even  when  the 
hydronephrosis  had  lasted  2  months. 

Heidenhain  (15)  tied  one  ureter  and  injected  indigo  carmine  24  hours  later. 
The  animal  was  killed  as  soon  as  the  dye  appeared  in  the  urine  from  the  normal 
kidney.  The  obstructed  kidney  differed  from  the  normal  in  showing  less  color 
grossly  and  in  the  absence  of  dye  granules  in  the  cells  of  the  convoluted  tubules. 
Both  kidneys  showed  carmine  in  the  Ivunina  of  the  tubules. 

Kawasoye  (16)  ligatured  the  ureter  on  one  side  in  nine  rabbits  and  produced  hy- 
dronephrosis varying  from  a  few  hours'  to  9  months'  duration.  20  minutes  before 
killing  the  animals  he  injected  indigo  carmine.  In  the  shorter  periods  of  dilata- 
tion, up  to  24  hours,  he  found  a  decreased  amount  of  the  dye  in  the  tubular  epi- 
theliiun,  but  after  48  hours  no  dye  whatever  was  found. 

Hydronephrosis  Produced  by  Complete  Obstruction  with  Subsequent  Drainage. — 
The  studies  given  above  were  limited  to  a  determination  of  the  functional  capacity 
of  kidneys  at  the  conclusion  of  a  period  of  dilatation.  Other  observers  drained 
the  dilated  kidneys  and  made  subsequent  fimctional  observations.  Rautenberg, 
in  the  series  of  experiments  given  previously,  drained  the  dilated  kidney  into  the 
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bladder  after  desired  periods  of  dilatation,  and  at  a  still  later  date  removed  the 
normal  kidney.  Seven  rabbits  with  a  preliminary  hydronephrosis  of  42  days  and 
an  interval  of  drainage  of  from  34  to  155  days  died  of  renal  insufficiency  a  few 
days  after  removal  of  the  normal  kidney.  A  similar  result  was  obtained  with  two 
rabbits  in  which  the  duration  of  hydronephrosis  was  28  and  29  days  respectively. 
However,  in  a  series  of  three  rabbits  with  hydronephrosis  of  3  weeks'  duration  and 
a  period  of  drainage  of  from  22  to  31  days  before  removal  of  the  normal  kidney, 
two  were  still  living  a  year  later.  The  third  rabbit  died  of  a  pyelonephritis. 
Albumin  in  small  amounts  and  casts  were  found  in  the  urine  of  both  the  living 
animals  even  after  a  year's  time.  In  a  second  series  of  three  rabbits  with  a  shorter 
period  of  dilatation  (about  2  weeks)  and  nephrectomy  after  a  drainage  period  of 
from  14  to  19  days,  two  died.  One  was  living  39  days  after  the  nephrectomy  but 
it  was  weak  and  emaciated.  He  concludes  from  these  results  that  there  is  great 
individual  variation  in  rabbits.  The  only  functional  test  which  Rautenberg  ap- 
plied was  the  ability  to  maintain  life  and  this  was  lost  in  kidneys  obstructed 
longer  than  3  weeks.  That  there  was  still  some  unhealed  renal  lesion  was  shown 
by  the  presence  of  albumin  and  casts  in  the  urine  a  year  after  the  removal  of  the 
normal  kidney. 

Kawasoye  determined  the  functional  capacity  with  indigo  carmine  in  a  series  of 
seven  rabbits  in  which  the  obstruction  was  removed  after  varying  intervals  of 
dilatation.  He  found  a  complete  restoration  of  function  after  a  4  day  period  and 
an  incomplete  restoration  after  a  7  to  14  day  period.  No  restoration  of  function 
whatever,  as  shown  by  indigo  carmine,  was  found  in  kidneys  obstructed  21  days. 

Corbett  tied  a  ligature  around  the  ureter  just  tight  enough  to  produce  complete 
obstruction  without  cutting  through  the  tissues.  After  desired  intervals  the  abdo- 
men was  again  opened  and  the  ligature  loosened,  allowing  the  urine  to  flow  into 
the  bladder.  The  normal  kidney  was  removed  at  the  same  operation.  The  func- 
tional capacity  of  the  injured  kidney  was  then  determined  by  a  study  of  the  total 
nitrogen  and  chlorides  in  the  urine.  He  concludes  that  kidneys  obstructed  longer 
than  10  days  do  not  excrete  these  substances  in  normal  amounts. 

Sollraann,  Williams,  and  Briggs  (17)  produced  a  unilateral  hydronephrosis  of 
107  days'  duration  and  then  made  a  urinary  fistula  for  the  dilated  kidney.  Dur- 
ing 78  days  of  drainage  no  urine  was  excreted  and  only  two  drops  were  found  in 
the  shrunken  kidney  at  autopsy. 

Hydronephrosis  Produced  by  a  Partial  Obstruction. — Keithand  Snowden  (18) 
tied  a  rubber  band  around  one  ureter  to  produce  partial  obstruction.  The  op- 
posite kidney  was  removed  at  the  same  time.  A  hydronephrosis  resulted  in  all 
cases  with  the  fluid  under  a  pressure  of  from  12  to  30  cm.  of  water  as  measured  at 
autopsy.  They  noted  a  polyuria,  a  low  specific  gravity,  and  a  trace  of  albumin, 
in  the  urine  continuously  after  the  operation.  The  phlorhizin  test  showed  a  mod- 
erate delay.  The  blood  nitrogen  showed  a  sharp  rise  at  first  and  then  maintained 
a  fairly  constant  level  to  within  a  few  days  of  death,  when  there  was  a  great  in- 
crease. The  phthalein  test  was  very  sensitive  and  showed  a  slowing  of  excretion 
in  the  early  stages,  and  in  the  later  stages  a  progressive  reduction  in  the  total  excre- 
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tion  when  the  rise  in  blood  nitrogen  occurred.  The  development  of  a  pyelone- 
phritis is  only  a  question  of  time  in  animals  operated  on  by  this  method. 

Hermann  (19),  Lepine  and  Porteret  (20),andLindemann  determined  the  effect 
of  a  constant  back  pressure  on  the  kidney  secretion  by  analyzing  the  urine. 
In  addition  to  chemical  analysis  Schwarz  (21),  Cushny  (22),  and  Filehne  and 
Ruschhaupt  (23)  noted  the  effects  of  diuretics.  Similar  work  on  the  effect  of 
back  pressure  on  kidney  secretion  was  done  by  Brodie  and  Cullis  (24)  in  de- 
cerebrated dogs.  All  are  agreed  that  the  flow  of  urine  decreases  with  high  and 
increases  with  a  low  back  pressure.  With  the  exception  of  Brodie  and  Cullis 
they  foimd  a  decreased  concentration  of  solid  constituents.  For  a  review  of  the 
literature  on  this  phase  of  the  question  the  reader  is  referred  to  Keith  andSnowdcn. 

In  a  recent  article  Keith  and  Pulford  (25)  describe  the  results  obtained  in  ex- 
periments in  which  bilateral  partial  obstruction  of  the  ureters  was  produced  by 
ligaturing  with  rubber  bands.  The  degree  of  obstruction  obtained  w^as  not  the 
same  in  all  the  experiments.  In  five  animals  definite  functional  impairment  was 
shown  after  obstruction  lasting  about  a  week  and  the  bands  were  then  removed. 
Normal  function  returned  in  a  few  days.  In  another  experiment  the  animal  died 
shortly  after  removal  of  the  obstruction,  but  in  this  case  a  pyelonephritis  compli- 
cated the  picture.  Removal  of  the  bands  after  '143  days  of  obstruction,  in  one 
experiment,  failed  to  improve  the  impaired  renal  fimction,  but  observations  were 
continued  for  only  a  week. 

EXPERIMENTAL. 

Method. 

The  animals  used  in  the  experiments  were  male  rabbits,  and  all 
experiments  were  performed  under  ether  anesthesia.  To  eliminate 
all  animals  in  which  an  already  existing  renal  lesion  was  present  a 
careful  urinalysis  and  a  preliminary  phthaleiu  test  were  made.  All 
rabbits  showing  any  abnormalities  in  the  urine  or  a  phthalein  output 
of  less  than  65  per  cent  for  2  hours  were  discarded.  The  average 
phthalein  output  in  the  rabbits  used  was  higher  than  65  per  cent. 

The  rabbits  were  operated  on  in  three  stages.  The  preliminary 
operation  consisted  lq  the  division  and  suturing  of  the  ureter  in  the 
bladder  wall.  With  all  necessary  aseptic  surgical  precautions  and 
under  ether  anesthesia  a  median  suprapubic  incision  about  4  cm. 
long  was  made  exposing  the  bladder  and  lower  portion  of  the 
ureter.  The  right  ureter  was  then  freed  at  its  lower  end  close  to  the 
bladder,  care  being  taken  not  to  injure  the  blood  vessels,  ligatured 
doubly,  and  sectioned  between.    An  incision  about  2  cm.  long  was 


200  RENAL  FUNCTION  IN  HYDRONEPHROSIS 

then  made  in  the  posterior  wall  of  the  bladder  through  the  peritoneal 
and  muscular  coats  down  to  the  mucosa.  The  mucosa  was  separated 
from  the  muscular  coat  for  a  short  distance  on  both  sides  and  the 
ligatured  ureter  was  then  buried  between  the  mucosa  and  the  muscu- 
lar coat  by  suturing  the  edges  of  the  incision  together.  The  abdomen 
was  then  closed. 

At  the  second  operation,  after  varying  intervals  of  time,  depending 
on  the  duration  of  hydronephrosis  desired,  the  abdomen  was  again 
opened,  under  ether  anesthesia,  by  an  incision  close  to  the  first  inci- 
sion and  parallel  to  it.  An  incision  was  made  through  the  anterior 
wall  of  the  bladder.  The  dilated  end  of  the  ureter,  buried  beneath 
the  mucosa  at  the  previous  operation,  was  clearly  visible  as  an  eleva- 
tion. The  mucosa  of  the  bladder  over  the  elevated  area  was  incised 
and  the  end  of  the  ureter  brought  through  and  opened.  The  fluid 
from  the  dilated  ureter  then  gushed  forth  into  the  bladder  and  drain- 
age was  estabhshed.  The  anterior  wall  of  the  bladder  and  abdomen 
were  then  sutured. 

At  the  third  operation,  usually  about  1  month  after  the  establish- 
ment of  drainage,  under  ether  anesthesia,  a  nephrectomy  through  a 
dorsal  incision  was  made  on  the  left  side,  leaving  the  hydronephrotic 
kidney  to  perform  the  function  alone.  The  animals  were  then  kept 
in  metabolism  cages  and  the  quantity  of  daily  urine  was  measured. 
The  urine  was  examined  at  frequent  intervals.  A  record  was  kept  of 
the  weight.  As  often  as  it  was  deemed  necessary  phthalein  tests 
were  made.  When  the  test  returned  to  normal  the  animals  were 
killed  and  the  kidneys  studied  grossly  and  microscopically.  The  tis- 
sues were  fixed  in  Helly's  fluid,  embedded  in  paraffin,  and  stained  with 
hematoxylin  and  eosin. 

A  great  many  of  the  experiments  were  not  successful.  In  a  few 
cases  infection  from  the  operation,  especially  when  it  was  necessary 
to  operate  at  short  intervals,  resulted.  Sometimes  when  the  abdo- 
men was  opened  for  the  second  operation  it  was  foimd  that  the  liga- 
ture had  slipped  off  and  no  hydronephrosis  had  resulted.  Epidemics 
in  the  animal  house  caused  the  death  of  many  of  the  experimental 
animals.  In  the  series  reported  only  those  rabbits  are  included  in 
which  it  was  absolutely  certain  that  the  obstruction  of  the  ureter 
was  complete  for  the  length  of  time  indicated. 
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In  order  to  determine  the  changes  which  occurred  in  the  kidneys 
during  the  period  of  drainage,  the  ureter  was  ligatured  in  a  niunber 
of  control  rabbits  with  normal  urinary  findings.  These  animals  were 
killed  after  periods  of  dilatation  corresponding  to  the  duration  of  the 
hydronephrosis  before  drainage  in  the  above  experiments.  By  com- 
parison the  extent  of  recovery  during  the  drainage  period  was  deter- 
mined. 

The  phthalein  test  was  made  by  injecting  1  cc.  of  the  dye  into  the 
lumbar  muscles.  2  hours  later,  with  aseptic  precautions,  a  No.  10 
French,  soft  rubber  catheter  was  introduced  into  the  bladder.  Cathe- 
terization is  easily  performed  on  male  rabbits.  The  kidney  and  ureter 
were  then  gently  pressed  to  expel  as  much  urine  as  possible  and  the 
bladder  was  washed  out  with  s,terile  salt  solution.  The  reading  was 
made  in  the  usual  manner  in  an  Autenrieth-Konigsberger  colorimeter. 

Experiment  1.  Complete  Obstruction  of  the  Ureter  for  3  Days. — Male  rabbit. 
Preliminary  phthalein  72  per  cent.  Urine  normal.  Right  ureter  ligatured.  3 
days  later,  at  the  second  operation  when  the  ureter  was  opened,  a  smoky,  brown- 
ish fluid  gushed  into  the  bladder.  5  days  after  the  second  operation  the  left 
kidney  was  removed.  The  phthalein  test  was  40  per  cent  on  the  2nd,  50  per  cent 
on  the  10th,  and  60  per  cent  on  the  17th  day  after  the  nephrectomy  (Text-fig.  1). 
A  moderate  amount  of  albumin  and  a  few  erythrocytes  were  present  for  a  few 
days  after  the  nephrectomy,  but  later  the  urinary  findings  were  normal.  The 
rabbit  died  23  days  after  the  nephrectomy  from  intestinal  obstruction. 

The  right  (hydronephrotic)  kidney  weighs  6.3  gm.  The  pelvis  and  ureter  are 
slightly  dilated.  Fluid  from  the  pelvis  at  autopsy  shows  numerous  hyaline  and 
granular  casts  and  one  cast  of  a  renal  tubule.  The  lining  surface  of  the  pelvis  is 
smooth  and  shiny.  Xo  pus  is  present.  The  fluid  in  the  bladder  shows  a  small 
amount  of  pus  but  there  is  no  marked  congestion  of  the  bladder  wall.  The  only 
important  difference  between  the  right  and  left  kidneys  is  the  slight  dilation  of 
the  right  pelvis  with  a  corresponding  slight  thinning  of  the  renal  parenchyma  an- 
teriorly and  posteriorly.    Microscopically  no  important  differences  are  seen. 

Experiment  2.  Complete  Obstritction  of  the  Ureter  for  7  Days. — Male  rabbit. 
Preliminary  phthalein  test  85  per  cent.  Urine  normal.  Right  ureter  ligatured. 
7  days  later  at  the  second  operation  the  ureter  was  found  well  dilated,  about  the 
size  of  a  small  goose  quill.  When  it  was  opened  a  thin,  brownish  fluid  gushed  out 
under  tension  into  the  bladder.  Loss  of  weight  between  first  and  second  opera- 
tions 150  gm.  16  days  after  the  second  •peration  left  nephrectomy  was  performed. 
The  phthalein  test  rose  gradually  from  55  per  cent  the  day  following  nephrectomy 
to  75  per  cent  40  days  later  when  the  animal  was  chloroformed  (Text -fig.  2).  The 
kidney  function  had  returned  to  the  average  normal  although  not  so  high  as  the 


202 


RENAL  FUNCTION  IN  HYDRONEPHROSIS 


original  test.  The  rabbit  had  increased  in  weight  280  gm.  during  the  experiment. 
The  urine  showed  a  faint  trace  of  albumin  continuously  after  the  nephrectomy 
but  there  were  no  casts,  erythrocytes,  or  pus  cells. 

The  right  kidney  (hydronephrotic)  weighs  6.6  gm.  Grossly  it  shows  several 
linear  scars  on  each  side  of  the  pelvis  radiating  out  from  the  hilus  as  a  center, 
gradually  becoming  less  distinct  and  disappearing  about  two-thirds  of  the  distance 
to  the  convex  border.  TKey  do  not  cross  the  rounded  convex  border.  On  sec- 
tion these  linear  scars  are  seen  to  correspond  to  small  lateral  evaginations  of  the 
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Text-Fig.  1.   Function  of  a  kid-  Text-Fig.  2.   Function  of  a  kidney 

ney  obstructed  for  3  days  (Experi-        obstructed  for  7  days  (Experiment  2). 
ment  1). 

The  ordinates  indicate  percentage  of  phthalein,  and  the  abscissae  the  time  meas- 
ured in  weeks.  The  horizontal  dotted  line  indicates  the  level  of  the  preliminary 
phthalein  test.  The  solid  portion  of  this  line  indicates  the  period  during  which 
the  ureter  was  tied  off.  N  indicates  the  point  at  which  the  normal  kidney  was 
removed,  and  the  phthalein  readings  are  indicated  by  dots  on  the  charted  hne. 


pelvis.  The  cortical  tissue  in  the  linear  areas  is  atrophic,  apparently  a  per- 
manent destruction  of  the  renal  tissue  due  to  the  hydronephrosis.  The  cortex 
shows  a  uniform  thickness  of  about  4  mm.  The  microscopic  structure  of  the 
renal  parenchyma  is  practically  normal  (Fig.  1)  except  in  the  linear  scars  men- 
tioned above  which  show  atrophy  of  tubules,  small  collections  of  lymphocytes, 
and  increase  of  connective  tissue  (Fig.  2).*  Fig.  3  shows  a  kidney  obstructed  by 
ligature  of  the  ureter  for  7  days,  and,  in  all  probabihty,  represents  the  condi- 
tion of  the  right  kidney  of  this  experiment  at  the  time  when  drainage  was 
established. 
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Experiment  3.  Complete  Obstruction  of  the  Ureter  for  14  Days. — Male  rabbit. 
Preliminary  phthalein  test  75  per  cent.  Urine  normal.  Right  ureter  liga- 
tured. 14  days  later  at  the  second  operation  the  ureter  was  found  well  dilated, 
about  the  size  of  a  large  goose  quill.  Brownish  fluid  gushed  out  under  pressure 
when  it  was  opened.  The  phthalein  test  was  52  per  cent  21  days  after  the  second 
operation,  and  66  per  cent  30  days  after,  which  was  the  combined  function  of  the 
normal  and  the  hydronephrotic  kidneys.  35  days  after  the  second  operation  left 
nephrectomy  was  performed.  A  few  erythrocytes,  leukocytes,  and  hyaline  and 
granular  casts  appeared  in  the  urine  for  a  few  days.  The  phthalein  test  rose  gradu- 
ally from  18  per  cent  2  days  after  the  nephrectomy  to  72  per  cent  152  days  later, 
when  the  animal  was  chloroformed  (Text -fig.  3).  The  phthalein  test  had  returned 
to  within  3  per  cent  of  the  original  test.  The  rabbit  was  active,  well  nourished, 
and  normal  except  for  a  very  faint  trace  of  albumin  which  had  been  continuously 
present  in  the  urine  since  the  nephrectomy. 

The  right  kidney  (hydronephrotic)  weighs  6.8  gm.  It  presents  striking  changes 
grossly.  On  both  the  anterior  and  posterior  aspects  of  the  kidney  the  mesial 
portion  which  forms  the  wall  of  the  sinus  is  atrophic  and  depressed,  not  unlike  an 
old  infarct,  while  the  lateral  portion  along  the  rounded  border  is  hypertrophied 
and  elevated.  The  two  portions  are  sharply  marked  off  from  each  other  along  a 
definite  line,  somewhat  irregular  at  the  limits  of  the  pelvis.  On  section  the  paren- 
chyma forming  the  lateral  walls  of  the  sinus  is  very  thin  and  atrophic,  apparently 
a  permanent  lesion  in  this  region  due  to  the  hydronephrosis.  The  parenchyma 
along  the  convex  border  is  hypertrophied,  the  cortex  being  6  mm.  in  thickness, 
apparently  a  compensatory  change.  The  pelvis  is  dilated  and  the  ureter  seems  to 
be  the  same  size  as  at  the  second  operation  7  months  previously. 

Microscopic  sections  show  practically  normal  structure  along  the  convexity  of 
the  kidney.  Anatomic  recovery  in  this  portion  is  apparently  complete  (Figs.  4 
and  5).  A  few  mitotic  figures  are  seen.  There  is  no  increase  of  connective  tissue 
except  in  a  few  small  areas.  But  there  is  a  sudden  transition  to  atrophic  tissue 
where  the  convex  portion  joins  the  flattened  lateral  walls  of  the  sinus  as  described 
in  the  gross  specimen.  These  lateral  portions  consist  of  numerous  lymphocytes, 
markedly  atrophic  tubules,  dilated  capsular  spaces  with  atrophic  glomeruli,  and 
diffusely  distributed  fibrous  tissue  (Figs.  6  and  7).  Fig.  8  shows  the  mesial  and 
Fig.  9  the  lateral  portion  of  a  kidney  obstructed  for  14  days,  and  probably  repre- 
sent the  condition  of  the  corresponding  portions  of  the  right  kidney  of  Experiment 
3  at  the  time  when  drainage  was  established. 

Experiment  4.  Complete  Obstruction  of  the  Ureter  for  17  Days. — Male  rabbit. 
Preliminary  phthalein  70  per  cent.  Urine  normal.  Right  ureter  ligatured.  17 
days  later  at  the  second  operation  the  ureter  was  found  well  dilated,  about  the 
size  of  a  large  goose  quill.  A  thick  brownish  fluid  gushed  out  under  tension  when 
it  was  opened.  Loss  of  weight  was  200  gm.  between  the  first  and  second  opera- 
tions. 14  days  after  the  second  operation  left  nephrectomy  was  performed.  The 
phthalein  test  was  3.5  per  cent  on  the  3rd  day  following  nephrectomy.    The  daily 
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output  of  urine  increased  gradually  from  60  cc.  on  the  day  following  nephrectomy 
to  250  cc.  on  the  6th  day  and  remained  at  about  this  level.  A  large  amount  of 
albumin,  a  few  erythrocytes,  leukocytes,  and  hyaline  and  granular  casts  were 
constantly  present  in  the  urine.  The  rabbit  was  very  weak  and  inactive  during 
the  entire  period  and  was  found  dead  9  days  after  the  nephrectomy.  The  cause 
of  death  was  apparently  renal  insufficiency,  as  no  lesions  aside  from  the  kidney 
'  changes  were  found  at  autopsy. 

The  right  kidney  (hydronephrotic)  weighs  7  gm.  There  is  no  evidence  of  pyeli- 
tis or  pyelonephritis  either  grossly  or  microscopically.  The  finer  structure  can- 
not be  studied  weU  because  of  p>ostmortem  autolysis.  There  are  no  marked  dif- 
ferences between  this  kidney  and  one  obstructed  for  the  same  period  without 
drainage. 

Experiment  5.  Complete  Obstruction  of  the  Ureter  for  19  Days. — Male  rabbit. 
Preliminary  phthalein  75  per  cent.  Urine  normal.  Right  ureter  ligatured.  19 
days  later  a  ureterocystostomy  was  performed  as  the  preliminary  operation  was 
not  the  usu^l  one  but  consisted  of  only  ligatujre  and  section  of  the  ureter.  The 
ureter  was  dilated  to  the  size  of  a  large  goose  quill.  A  large  amount  of  dark  brown- 
ish fluid  gushed  out  under  tension.  Loss  of  weight  of  150  gm.  between  first  and 
second  operations.  18  days  after  the  second  opyeration  the  rabbit  weighed  50  gm. 
more  than  at  the  beginning  of  the  experiment  and  a  left  nephrectomy  was  per- 
formed. On  the  day  following  nephrectomy  the  phthalein  test  was  0.  On  the 
2nd  day  20  cc.  of  urine  were  excreted  showing  a  tinge  of  phthalein,  a  moderate 
amount  of  albumin,  but  no  erythrocytes,  leukocytes,  or  casts.  The  rabbit  became 
very  weak  and  died  3  days  after  nephrectomy.  The  urine  in  the  bladder  at 
autopsy  showed  a  minute  trace  of  phthalein.  There  was  no  obstruction  at  the 
lureteral  orifice  in  the  bladder  wall.  No  lesions  aside  from  those  in  the  kidney 
were  found,  and  death  was  due  apparently  to  renal  insufficiency. 

The  right  kidney  (hydronephrotic)  weighs  9.1  gm.  The  pelvis  and  ureter  are 
markedly  dilated.  There  is  no  evidence  of  infection.  There  are  no  imp>ortant 
changes  present,  grossly  or  microscopically,  other  than  those  ordinarily  found  in 
a  simple  hydronephrosis  of  like  duration. 

Experiment  6.  Complete  Obstruction  of  the  Ureter  for  19  Days. — ^Male  rabbit. 
Preliminary  phthalein  70  per  cent.  Right  ureter  ligatured.  19  days  later  at 
the  second  operation  the  ureter  was  about  \  inch  in  diameter  and  filled  with  a 
brownish  fluid  xmder  tension.  3  days  after  the  second  operation  left  nephrectomy 
was  performed.  The  phthalein  test  was  3  per  cent  on  the  2nd  day  following  the 
nephrectomy.  The  daily  output  of  urine  increased  from  40  cc.  on  the  day  fol- 
lowing nephrectomy  to  80  cc.  on  the  4th  day.  Urinalysis  showed  a  trace  of  albu- 
min, a  few  leukocytes,  and  a  few  erythrocytes.  The  rabbit  became  very  weak 
and  died  on  the  4th  day.  At  autopsy,  besides  the  renal  changes,  there  was  found 
a  small,  circumscribed,  inspissated  abscess  in  the  lower  lobe  of  the  right  lung. 
Apparently  the  cause  of  death  was  renal  insufficiency,  as  the  lung  condition  was 
well  waUed  off  and  chronic. 
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The  right  kidney  (hydronephrotic)  weighs  12.8  gm.  A  few  subcapsular 
petechiae  are  present.  The  pelvis  and  ureter  are  markedly  dilated.  There  is  no 
evidence  of  infection.  No  striking  microscopic  differences  between  this  kidney 
and  one  dilated  for  a  similar  period  of  time  without  drainage  are  to  be  noted. 

Experiment  7.  Complete  Obstruction  of  the  Ureter  for  21  Days. — Male  rabbit. 
Preliminary  phthalein  80  per  cent.  Urine  normal.  Right  ureter  ligatured. 
The  phthalein  test  was  50  per  cent  the  day  following,  and  67  per  cent  on  the  13th 
day  after  ligature  of  the  ureter.  21  days  after  the  first  operation  the  ureter  was 
found  dilated  to  about  \  inch  in  diameter  and  a  dark  smoky  brown  fluid  gushed 
out  when  the  opening  was  made  into  the  bladder.  The  phthalein  was  62  per 
cent  10  days  after  the  second  operation,  which  was  the  combined  function  of  the 
normal  and  the  hydronephrotic  kidneys.     1 1  days  after  the  second  operation  left 
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Text-Fig.  4.  Function  of  a  kidney  obstructed  for  21  days  (Experiment  7). 


nephrectomy  was  performed.  The  phthalein  test  was  0  on  the  day  following 
nephrectomy,  but  minute  traces  were  present  in  the  urine  during  the  next  few 
days.  On  the  5th  day  the  phthalein  test  showed  only  a  faint  trace  (Text-fig.  4). 
The  amoimt  of  urine  increased  from  2  cc.  on  the  day  following  the  nephrectomy 
to  100  cc.  on  the  8th  day.  A  large  amount  of  albumin,  with  a  few  erythrocytes, 
leukocytes,  and  hyaline  casts  was  continuously  present.  The  rabbit  was  found 
dead  on  the  9th  day  apparently  from  renal  insufficiency,  as  no  other  lesions  were 
present  at  autopsy. 

The  right  kidney  (hydronephrotic)  weighs  11.6gm.  The  pelvis  and  ureter  are 
markedly  dilated.  There  is  no  evidence  of  infection.  No  marked  changes  other 
than  those  usually  foimd  in  a  simple  hydronephrosis  of  21  days'  duration  are 
present  (Fig.  10).  A  kidney  with  such  extensive  changes  is  unable  to  function 
sufl&ciently  to  maintain  life. 
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DISCUSSION. 

Hydronephrosis  of  3  days'  duration  causes  considerable  dilatation 
of  the  collecting  tubules  and  the  portions  of  Henle's  loop  lined  by 
flattened  epithelium.  No  anatomic  changes  are  recognizable  in  the 
convoluted  tubules.  The  kidney  of  Experiment  1  returned  to  about 
normal  function,  as  measured  by  the  phthalein  test,  in  15  days.  The 
only  abnormality  seen  in  the  kidney  after  functional  recovery  is  a 
slight  dilatation  of  the  renal  pelvis  and  a  sHght  thinning  of  the  renal 
parenchyma  on  the  lateral  aspects  of  the  renal  sinus. 

When  hydronephrosis  has  been  present  for  7  days  there  is  a  marked 
dilatation  of  the  pelvis  with  considerable  thinning  of  the  parenchyma 
laterally.  The  dilatation  of  the  collecting  tubules  is  more  marked 
than  in  the  3  day  stage  and  there  is  some  reduction  in  size  of  many  of 
the  convoluted  tubules,  those  in  the  portions  lateral  to  the  sinus  being 
especially  compressed.  The  kidney  of  Experiment  2  had  an  initial 
phthalein  excretion  of  55  per  cent  and  returned  to  normal  function 
in  about  40  days.  After  functional  recovery  the  kidney  showed  a 
dilated  pelvis  with  thinning  of  the  parenchyma  laterally.  The  lateral 
portions  of  the  kidney  showed  a  few  scars  due  to  complete  atrophy  of 
small  portions  of  the  cortex.  Elsewhere  the  anatomic  picture  was 
about  normal. 

A  kidney  with  hydronephrosis  of  14  days'  duration  shows  more 
dilatation  of  the  pehis  and  ureter  and  greater  thinning  of  the  renal 
parenchyma,  especially  in  the  parts  lateral  to  the  sinus,  than  in  the 
7  day  stage.  The  collecting  tubules  are  considerably  dilated  and 
the  proximal  convoluted  tubules  are  collapsed  with  some  atrophy. 
The  supporting  connective  tissue  is  increased.  The  lateral  portions 
of  the  kidney  show  the  maximum  dilatation  of  the  collecting  tubules 
and  maximum  atrophy  of  the  proximal  convoluted  tubules.  The 
initial  phthalein  output  of  the  kidney  in  Experiment  3  was  18  per 
cent,  which  returned  to  normal  only  after  152  days.  The  pelvis  and 
ureter  were  still  dilated  after  functional  recovery.  The  portion  of 
renal  parench>Tna  forming  the  wall  of  the  sinus  was  completely  atro- 
phied. As  already  stated,  Suzuki's  explanation  of  the  greater  injury 
sustained  by  this  portion  of  the  kidney  seems  satisfactory;  i.e.,  the 
collecting  tubules  draining  this  portion,  owing  to  their  longer  and 
more  indirect  course  to  the  papilla  are  subjected  to  greater  pressure 
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than  those  draining  the  central  portion.  The  destruction  of  these 
collecting  tubules  results  in  atrophy  of  their  convoluted  tubules 
and  glomeruli.  The  parenchyma  along  the  convex  border  of  the 
kidney  was  almost  normal,  the  convoluted  tubules  having  regained 
their  normal  size  and  appearance. 

In  the  kidneys  with  hydronephrosis  longer  than  14  days  (17,  19, 
19,  and  21  days)  there  is  marked  dilatation  of  the  ureter  and  pelvis. 
The  proximal  convoluted  tubules  are  in  a  state  of  advanced  atrophy 
with  relative  or  absolute  increase  of  connective  tissue.  The  collect- 
ing tubules  are  markedly  dilated  everywhere.  No  kidney  of  this 
group  was  able  to  secrete  over  3.5  per  cent  of  phthalein.  No  im- 
provement in  secretory  power  was  obtained  and  no  rabbit  lived 
sufficiently  long  after  drainage  to  develop  any  notable  renal  changes 
other  than  those  seen  in  simple  hydronephrosis  of  equal  duration. 

It  is  to  be  noted  that  the  ureter  and  pelvis  showed  no  tendency  in 
any  of  the  experiments  to  return  to  normal  size.  No  evidence 
of  secondary  infection  was  seen  in  the  pelvis,  ureter,  or  kidney 
parenchyma. 

If  a  nephrectomy  is  performed  on  a  normal  animal  the  remaining 
kidney  excretes,  a  few  days  later,  nearly  as  much  phthalein  as  the 
previous  output  of  both  kidneys.  The  atrophy  produced  by  hydro- 
nephrosis greatly  reduces  this  ability  until  compensatory  hypertrophic 
changes  can  occur.  The  kidney  with  hydronephrosis  of  3  days' 
duration  required  15  days  to  recover  20  per  cent  of  function,  or  1.33 
per  cent  per  day.  The  one  with  hydronephrosis  of  7  days'  duration 
required  40  days  to  recover  20  per  cent,  or  0.5  per  cent  per  day.  The 
one  with  hydronephrosis  of  14  days'  duration  required  152  days  to 
recover  54  per  cent,  or  0.35  per  cent  per  day.  It  can  l^e  readily  seen, 
therefore,  that  the  longer  the  period  of  dilatation  the  slower  is  the 
rate  of  recovery  after  drainage.  The  delayed  recovery  of  function  in 
the  more  prolonged  cases  of  hydronephrosis  is  apparently  due  to  the 
greater  degree  of  atrophy  of  the  convoluted  tubules.  The  more  ad- 
vanced the  atrophy  the  slower  seems  to  be  the  return  to  normal. 
The  destruction  of  collecting  tubules  is  not  the  cause  of  the  atrophy 
of  the  convoluted  tubules  except  in  the  lateral  portions  of  the  kidney. 

In  view  of  the  slow  recovery  after  complete  hydronephrosis  for  2 
weeks  it  is  not  surprising  that  Keith  and  Pulf ord  noted  no  appreciable 
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improvement  in  a  week  in  a  hydronephrosis  obtained  by  partial  ob- 
struction of  the  ureter  for  143  days.  The  rapid  recovery  noted  by 
them  in  other  experiments  after  partial  obstruction  for  about  a  week, 
when  secondary  pus  infection  did  not  complicate  the  picture,  is  also  in 
accordance  with  the  above  results. 

The  contention  of  Rautenberg  that  the  regeneration  after  drainage 
is  not  permanent  and  that  eventually  complete  atrophy  ensues  is 
not  borne  out  by  my  experiments.  The  presence  of  albumin  in  the 
urine  in  Experiment  3  even  at  the  end  of  the  experiment  indicated 
renal  disturbance;  but  the  high  phthalein  excretion  and  the  autopsy 
findings  showed  no  evidence  of  a  secondary  atrophy. 

Rabbits  with  hydronephrosis  longer  than  14  days  did  not  live  long 
after  removal  of  the  normal  kidney.  In  this  group  the  greatest 
phthalein  output  was  3.5  per  cent.  They  all  died  apparently  of  renal 
insufficiency.  One  may  conclude  from  these  results  that  when  a 
hydronephrotic  kidney  shows  so  low  a  phthalein  excretion  it  will  be 
imable  to  maintain  the  life  of  the  individual.  The  question  arises 
whether  such  a  hydronephrotic  kidney  would  improve  sufficiently  to 
maintain  life  if  the  normal  kidney  were  not  removed  imtil  6  months  or 
more  after  the  estabhshment  of  drainage.  My  observations  do  not 
determine  this  point. 

Another  point,  likewise  not  determined  by  the  above  experiments, 
is  whether  the  hydronephrotic  kidney  would  recover  functionally  as 
it  did  in  Experiment  3  if  the  normal  kidney  had  not  been  removed; 
i.e.,  whether  the  stimulus  of  compulsory  function  is  necessary  for 
recovery. 

In  the  above  experiments  kidneys  obstructed  longer  than  14  days 
did  not  recover;  but  Rautenberg  had  two  rabbits  with  hydronephrosis 
of  3  weeks'  duration  that  lived  a  year  after  removal  of  the  normal 
kidney.  This  probably  means,  as  Rautenberg  suggests,  that  there 
is  considerable  individual  variation  in  rabbits. 

SUMMARY. 

Complete  obstruction  of  the  ureter  causes  atrophy  of  the  renal 
parenchyma,  especially  marked  in  the  portions  lateral  to  the  renal 
sinus.  The  longer  the  duration  of  the  obstruction,  the  greater  is  the 
degree  of  atrophy. 
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If  the  obstruction  is  removed  within  2  weeks  the  kidney  may  regain 
its  normal  structure  except  for  a  varying  amount  of  atrophy  in  the 
lateral  portions. 

Kidneys  obstructed  for  2  weeks  or  less  may  regain  their  normal 
function,  as  measured  by  the  phthalein  test. 

The  longer  the  period  of  obstruction,  the  slower  is  the  rate  of  re- 
covery. A  hydronephrosis  of  7  days'  duration  required  40  days,  and 
one  of  14  days'  duration  required  152  days  to  recover  normal  function. 

I  wish  to  express  my  indebtedness  to  Dr.  E.  T.  Bell  for  criticisms 
and  suggestions  during  the  progress  of  this  work. 
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EXPLANATION  OF  PLATES. 

Plate  17. 

Fig.  1.  Cortex  of  the  kidney  of  Experiment  2,  showing  complete  recovery  after 

obstruction  of  the  ureter  for  7  days. 

Fig.  2.  Section  through  one  of  the  linear  scars  occurring  in  the  kidney  of 
Experiment  2. 

Plate  18. 

Fig.  3.  Cortex  of  a  control  kidney  with  complete  obstruction  of  the  ureter  for 
7  days.     Compare  with  Fig.  1. 

Fig.  4.  Cortex  of  the  kidney  of  Experiment  3,  from  the  convex  border,  showing 
almost  complete  recovery  after  obstruction  of  the  ureter  for  14  days. 

Plate  19. 

Fig.  5.  High  f>ower  view  of  Fig.  4. 

Fig.  6.  Cortex  of  the  kidney  of  Experiment  3,  from  the  lateral  wall  of  the  sinus 
of  the  kidney,  showing  extreme  atrophy  after  obstruction  of  the  ureter  for  14 
days 
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Plate  20. 

Fig.  7.  High  power  view  of  Fig.  6. 

Fig.  8.  Cortex  from  the  convex  border  of  a  control  kidney  with  conaplete  ob- 
struction of  the  ureter  for  14  days.  This  portion  of  the  kidney  recovers  after 
drainage.     Compare  with  Fig.  4. 

Plate  21. 

Fig.  9.  Cortex  from  the  lateral  wall  of  the  sinus  of  a  control  kidney  with  com- 
plete obstruction  of  the  ureter  for  14  days.  This  portion  of  the  kidney  does  not 
recover  after  drainage.     Compare  with  Fig.  6. 

Fig.  10.  Cortex  of  the  kidney  from  Experiment  7  with  complete  obstruction  of 
the  ureter  for  21  days. 


THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL.  XXVIII. 


PLATE  17. 


Gohnson:  Renal  function  in  hydronephrosis.) 
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PLATE  18. 


(Johnson:  Renal  function  in  hydronephrosis.) 
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PLATE  19. 


(Johnson:  Renal  function  in  hydtonei^osis.) 
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PLATE  20. 
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(Johnson:  Renal  function  in  hydionq>hiosis.) 
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The  work  recorded  in  this  paper  is  the  result  of  an  attempt  to 
study  the  mechanism  of  immunity  and  incidentally  to  test  a  theory 
regarding  the  failure  of  vaccine  therapy  as  practiced  at  the  present 
time. 

During  the  past  8  or  10  years  bacterial  vaccines  have  been  used 
extensively,  but,  on  the  whole,  with  very  unsatisfactory  results.  Were 
it  not  for  the  excellent  theoretical  foundation  on  which  vaccine  therapy 
rests,  its  use  would  probably  have  been  relegated  to  the  past.  Bac- 
terial vaccines,  as  used  today,  judged  by  the  practical  results  obtained, 
are  of  little  or  no  value  aside  from  typhoid  vaccine  as  used  prophylac- 
tically  and  the  undisputed  value  of  staphylococcic  and  B.  acne  vaccines, 
in  certain  types  of  cases. 

Protective  immunization  experiments  with  killed  cultures  on  lab- 
oratory animals  have  likewise  not  been  crowned  with  marked  success. 
Facts  such  as  these  may  readily  be  gleaned  from  a  survey  of  the 
literature.  The  conclusion  would  therefore  seem  justified  that  the 
dead  organisms  do  not  offer  a  suitable  antigen  for  immunization 
processes. 

During  the  past  year  while  conducting  some  perfusion  experiments 
on  rabbits,  we  were  much  impressed  by  the  rapidity  with  which  bac- 
teria were  taken  up  by  phagocytes.  The  particular  experiment  in 
question  concerned  the  perfusion  of  the  liver  of  rabbits  with  emulsions 
of  staphylococci.  By  inserting  cannulae  in  the  portal  vein  and  superior 
vena  cava  the  liver  could  readily  be  perfused  with  Locke's  fluid,  con- 
taining large  quantities  of  staphylococci  in  suspension.  It  was  found 
that  a  fluid  containing  9,000,000  organisms  per  cubic  centimeter  could 
be  sterilized  in  a  few  minutes  by  being  passed  through  this  organ.  The 
endothelial  cells  of  the  liver,  on  section,  were  found  to  be  literally 
packed  with  bacteria  following  this  operation.  This  observation  sug- 
gested that  vaccines  injected  into  an  individual   for  the  purpose  of 
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immunization  probably  meet  a  similar  fate.  The  phagocytes,  whose 
function  it  is  to  seize  any  foreign  material  entering  the  body,  failing 
to  recognize  the  benevolent  intention  of  the  immunizer,  probably  take 
up  the  killed  cultures  with  even  more  greed  than  the  living  bacteria. 
Metchnikoif^  and  his  pupils  have  shown  that  the  digestion  of  such 
incorporated  particles  by  phagocytes  may  be  very  rapid,  especially 
when  it  concerns  dead  bacteria. 

It  is  a  well  recognized  fact  that  an  antigen  which  has  undergone 
even  partial  digestion  is  no  longer  capable  of  stimulating  antibody 
formation,  and  hence  ceases  to  be  an  antigen.  The  natural  deduction 
is  therefore  to  assume  that  phagocytosis  defeats,  in  a  measure  at  least, 
attempts  to  immunize  with  killed  bacterial  cultures.  Metchnikoff  and 
his  school  would  have  us  believe  that  the  phagocytes  are  the  source 
of  antibody  formation,  but  the  evidence  presented  in  support  of  this 
contention  is  far  from  conclusive. 

If  we  now  examine  antigens,  such  as  diphtheria  and  tetanus  toxins, 
which  are  not  in  the  form  of  particles,  but  in  a  diffused  state  and 
hence  not  so  accessible  to  the  phagocytes,  there  is  little  difficulty  in 
attaining  a  high  degree  of  immunity.  An  animal  may  likewise  be 
given  a  few  injections  of  foreign  protein,  such  as  egg  white,  with  the 
result  that  a  high  titer  of  immune  serum  is  formed.  The  exception  to 
this  rule  would  seem  to  be  the  immunization  with  tissue  cells  and  red 
corpuscles  in  particular.  A  few  injections  of  foreign  red  cells  will 
usually  give  a  serum  with  a  very  high  lytic  titer.  This  may,  however, 
be  explained  by  the  fact  that  tissue  cells  are  taken  up  by  the  so-called 
macrophages,  which  are  large  cells  with  a  rigid  nucleus,  and  which  are 
slow  to  arrive  on  the  field  of  action.  It  is  not  improbable  that  the 
antigenic  principle  is  dissolved  from  the  injected  cells  by  the  tissue 
fluids  before  phagocytosis  takes  place.  Prompted  by  these  considera- 
tions an  attempt  was  made  to  extract  the  antigenic  principle  from 
bacteria  in  a  form  not  so  readily  accessible  to  phagocytes  in  the  hope 
that  it  might  give  vaccine  therapy  the  much  needed  "raison  d'etre." 

The  conversion  of  bacteria  from  the  solid  or  semisolid  state  to  a 
state  of  diffusion  is  not  an  easy  matter,  owing  to  the  firm  outer  mem- 
brane. Numerous  investigators  have  subjected  bacteria  to  various 
physical  influences  looking  to  this  end,  such  as  high  pressure,  shaking, 
freezing  and  grinding  processes,  but  hitherto  with  little  or  no  success. 

E.  Biichner"  was  the  first  to  obtain  definitely  positive  results  by  subjecting 
living  cells  to  high  pressure.     By  the  use  of  a  hydraulic  press  he  was  able  to 

1  Metchnikoff:    L'Immunite,   1901 
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separate  zymase  from  the  yeast  cell.  Later,  Hans  Biichner,*  by  using  the  same 
apparatus,  subjected  bacteria  to  a  pressure  of  500  atmospheres  in  an  attempt 
to  isolate  ferments  and  endotoxins,  but  with  rather  disappointing  results. 
Certes*  found  that  a  pressure  of  350  to  500  atmospheres  had  no  effect  on  putre- 
factive processes.  Yeast  cells  under  a  pressure  of  400  atmospheres  were  still 
able  to  ferment  sugar.  The  same  investigator  found  that  the  pathogenicity  of 
anthrax  bacilli  was  not  impaired  after  having  been  subjected  to  a  pressure  of 
600  atmospheres.  D'Arsonval^  and  Charrin  on  the  other  hand  found  that  COi 
under  a  pressure  of  50  atmospheres  destroyed  B.  pyocyaneus  in  2  hours.  Their 
work  was  repeated  by  Sabruzes'  and  Bazin.  Schaeffer"  and  Freudenreich,  and 
Krause,*  all  of  whom  failed  to  confirm  the  findings  of  the  French  investigators. 
In  summing  up  the  results  of  high  pressures  on  bacteria  Gottschlich*  concludes 
that  they  have  little  or  no  effect. 

In  our  work  many  pieces  of  apparatus  have  been  constructed,  but 
only  those  with  which  definite  resuhs  were  obtained  will  be  described. 
We  first  studied  the  effect  of  a  direct  load  on  bacteria. 

For  this  purpose  a  piece  of  nickel-chrome-steel  was  obtained  from  one  of 
the  large  steel  companies,  which  also  kindly  furnished  us  with  an  analysis  of 
the  material.  A  hole  V%  inch  in  diameter  was  bored  through  a  piece  of  steel 
5  inches  by  ZVz  inches,  and  a  piston,  likewise  of  nickel-chrome-steel,  was  ground 
to  fit  the  cylinder.  One  end  of  the  cylinder  was  closed  by  a  steel  wedge.  The 
cylinder,  piston,  and  wedge  were  then  tempered  to  withstand  a  pressure  of 
225,000  lbs.  per  square  inch.  The  bacteria  that  were  to  be  subjected  to  pres- 
sure were  mixed  with  infusorial  earth,  after  which  they  were  placed  in  a 
leaden  cup  about  2  inches  long  and  of  a  bore  to  fit  the  steel  cylinder  above 
described.  The  leaden  cup,  about  two-thirds  filled,  was  placed  in  the  cylinder 
in  an  inverted  position  and  forced  to  the  bottom  of  the  cylinder  where  it  rested 
on  a  leaden  disk  which,  in  turn,  rested  on  a  steel  wedge  closing  one  end  of 
the  cylinder.  The  piston  was  then  inserted  and  the  apparatus  placed  in  a 
testing  machine  such  as  is  used  by  engineers  in  testing  the  strength  of  mate- 
rials. The  particular  machine  in  question  was  capable  of  lifting  a  load  of 
200,000  lbs.  The  tests  were  usually  inaugurated  at  6  p.  m.  and  terminated 
14  hours  later. 

The  following  organisms  have  been  studied  in  this  manner:  B.  typhosus, 
B.  coli,  B.  tuberculosis,  B.  proteus.  B.  subtilis,  staphylococci,  streptococci  and 
pneumococci. 

The  pressures  used  ranged  from  3,000-12,000  atmospheres.  On 
termination  of  each  experiment  cultures  were  made  on  dextrose  broth 
and,  whenever  possible,  plates  were  made  before  and  after  the  experi- 
ment. The  general  statement  may  be  made  that  a  pressure  of  3,000 
atmospheres  was  not  sufficient  to  destroy  any  of  the  bacteria  studied, 

»  Buchner,  E. :  Munchen.  med.  Wchnschr.,  1897,  44,  299. 

•  Certes:   Compt.   rend.  Acad,   de   Sc,   1889,  99,  385. 

»  d'Arsonval  &  Charrin:  Compt.  rend.  Soc.  Biol.,  1893,  467,  764. 

•  Sabrazes  &  Bazin:  Koch's  Jahresb.  f.  Garungsorganism,  1893,  34. 
^  Schaffer  &   Freudenreich:   Ann.   d.   Micrographie.   1890,  4,   502. 
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while  a  pressure  of  6,000  atmospheres  for  14  hours  was  found  to 
destroy  all  non-spore-forming  organisms.  The  spores  of  B.  subtilis 
were  not  regularly  killed  at  pressures  of  12,000  atmospheres.  The 
bacteria  would  undoubtedly  have  been  destroyed  by  these  pressures  in 
less  time  than  that  used;  further  studies  are  being  undertaken  to 
determine  this  point,  however. 

Having  thus  determined  that  it  was  possible  to  destroy  bacteria 
by  physical  pressure,  the  question  naturally  arose  as  to  the  mechanism 
operative  in  this  procedure.  It  was  probably  not  a  question  of  expres- 
sing the  cytoplasm  from  the  organisms,  as  was  attempted  by  Biichner, 
inasmuch  as  the  pressure  exerted  on  the  bacteria  was  uniform  from 
all  sides.  The  small  amount  of  entrapped  oxygen  in  the  container 
could  scarcely  be  responsible  for  the  phenomenon.  It  was  also  felt 
that  the  element  of  heat  development  could  be  ruled  out  without 
further  consideration.  Two  other  factors  were  still  to  be  considered : 
the  direct  effect  of  the  pressure,  and  its  sudden  release.  Which  of 
these  two  was  the  important  factor  was,  by  the  very  nature  of  the 
experiment,  difificult  to  determine,  but  it  was  not  improbable  that  both 
factors  played  an  important  role  in  killing  the  bacteria.  The  inter- 
esting observation  was  made  that  bacteria  subjected  to  high  pressure 
were  difficult  to  stain ;  as  a  rule  only  shadows  could  be  discerned  where 
it  concerned  gram-negative  organisms,  while  the  gram-positive  ones 
usually  lost  their  specific  staining  reaction. 

It  would  seem  probable  from  these  experiments  that  the  death  of 
the  bacteria  was  due  either  directly  to  the  pressure  or  its  sudden 
release  or  to  a  possible  combination  of  both. 

In  an  effort  to  analyze  more  fully  some  of  the  problems  which  had 
presented  themselves  during  the  process  of  these  investigations,  studies 
were  inaugurated  to  determine  the  effect  on  various  bacteria  of  gases 
under  high  pressure,  such  as  CO2,  H,  and  N.  An  apparatus  wa§  con- 
structed for  this  purpose  which  would  enable  us  to  subject  bacteria 
to  various  gas  pressures  and  suddenly  release  it.  The  apparatus  used 
for  these  experiments  may  briefly  be  described  as  follows : 

A  steel  tube,  8  inches  in  length  and  IV2  inches  in  diameter,  lined  with  block 
tin,  was  attached  to  the  desired  gas  tank  by  a  suitable  coupling.  The 
opposite  end  of  the  apparatus  was  fitted  to  a  brass  head  containing  a  small 
receiving  chamber.  The  bacteria  to  be  studied  were  placed  in  a  sterile  test  tube 
resting  on  a  coiled  spring  in  the  bottom  of  the  tin-lined  steel  tube.  The  receiv- 
ing chamber  was  provided  with  a  valve,  connected  with  a  glass  tubing  which 
extended  to  the  bottom  of  the  test  tube  containing  the  bacteria.  The  apparatus 
was  then  attached  to  the  gas  tank  and  left  for  the  desired  time.     When  the 
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valve  leading  to  the  receiving  chamber  was  opened,  the  pressure  of  the  gas 
forced  the  bacterial  suspension  up  the  glass  tube,  through  the  valve  into  the 
receiving  chamber.  The  fluid  so  driven  into  the  receiving  chamber  could  be 
collected  from  a  small  spout  into  a  sterile  test  tube.  It  will  thus  be  seen  that 
the  pressure  was  released  suddenly  as  the  fluid  passed  the  valve.  The  valve 
was  under  such  control  as  to  permit  the  removal  of  the  fluid  drop  by  drop 
if  desired.  We  a^  indebted  to  Mr.  David  Crowther,  Mechanician  and  Instructor 
in  Dental  Mechanics,  University  of  Minnesota,  for  valuable  mechanical  assis- 
tance.    We  are  indebted  also  to  Dr.  J.  F.  McClendon  for  helpful  suggestions. 

It  was  found  that  COo  under  a  pressure  of  50  atmospheres  would 
destroy  B.  typhosus,  B.  coli,  B.  tuberculosis,  B.  pyocyaneus,  staphylo- 
cocci, streptococci,  and  pneumococci  in  a  period  of  time  ranging  from 
11^-2^  hours.  It  was  interesting  to  observe  that  the  gram-negative 
bacilli  could  be  brought  to  a  marked  degree  of  disintegration,  although 
disintegration  of  all  the  bacteria  in  suspension  was  never  attained. 
The  gram-positive  cocci,  on  the  other  hand,  suffered  little  morphologic 
change  aside  from  slight  irregularity  in  size,  and  often  a  tendency  to 
lose  their  gram-positive  character.  The  importance  of  suspending 
bacteria  in  distilled  water  instead  of  broth  or  physiologic  salt  solution 
was  emphasized  by  the  fact  that  when  the  latter  were  used  very  little 
disintegration  of  the  organisms  was  noted.  It  was  found  that  COo  of 
less  than  40  atmospheres  produced  no  effect  whatever  on  the  bacteria 
studied.  Yeast  cells  were  found  to  be  unaffected  by  CO2  after 
exposure  to  this  gas  for  48  hours.  This  may  be  due  to.  the  fact  that 
yeast  cells  are  normally  active  CO2  producers,  and  their  external 
membrane  therefore  probably  offers  little  or  no  resistance  to  the  CO2 
molecule.  The  osmotic  equilibrium  of  these  cells  was  probably  not 
disturbed  by  the  sudden  change  in  the  molecular  concentration  of  the 
fluid.  CO2  likewise  has  no  effect  on  the  proteolytic  ferments  of  B. 
pyocyaneus  and  B.  proteus ;  these  ferments  were  found  to  be  as  active 
after  exposure  to  this  gas  at  67  atmospheres  for  20  hours  as  were  the 
controls  kept  at  room  temperature. 

Having  then  found  that  bacteria  could  be  destroyed  by  relatively 
low  gas  pressure,  we  were  once  more  confronted  with  the  problem  as 
to  the  mechanism  of  the  various  physical  and  chemical  forces  involved 
in  the  experiment. 

It  seemed  probable  that  the  acidity  of  the  CO2  solution  under  the 
pressure  used  might  be  responsible  for  the  killing  of  the  organisms, 
although  their  disintegration  was  evidently  due  to  the  sudden  expan- 
sion of  the  dissolved  gas.  Being  unable  to  find  any  work  dealing  with 
the  degree  of  acidity  of  COo  solutions  under  pressure,  experiments  to 
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determine  the  H  ion  concentration  of  this  gas  under  various  pressures 
were  undertaken.  The  methods  suitable  for  this  particular  experiment 
were,  owing  to  its  peculiar  nature,  limited.  The  colorimetric  method 
seemed  to  be  the  most  feasible.  For  this  experiment  a  steel  tube  4 
inches  long  and  1  inch  in  diameter  was  lined  with  purejjlock  tin.  The 
ends  of  the  tube  were  closed  with  glass  lenses,  supported  further  by 
heavy  steel  burrs.  The  indicator  to  be  used  was  then  placed  in  this 
apparatus  which  by  means  of  a  suitable  coupling  was  attached  to  the 
CO2  tank.  Any  change  in  the  indicator  could  thus  readily  be  deter- 
mined. In  order  to  be  able  to  detect  even  a  slight  change  in  the  indi- 
cator it  was  found  necessary  to  construct  a  duplicate  apparatus  always 
containing  the  same  indicator  which  could  be  used  as  a  control.  The 
Ph  was  found  to  be  between  10-3  and  10-4,  though  probably  nearer 
4  than  3.  It  was  found  that  the  amount  of  pressure  used  had  very 
little  effect  on  the  degree  of  acidity;  in  fact,  experimentally,  it  was 
difficult  to  show  any  difference  in  the  degree  of  acidity  between  1  and 
50  atmospheres'  pressure,  although  theoretically  the  Ph  of  CO,  at 
50  atmospheres  is  10-3.15  and  at  1  atmosphere  10-3.6.  Our  failure  to 
establish  any  difference  in  the  degree  of  acidity  of  this  gas  under 
various  pressures  was  probably  an  insufficient  number  of  indicators 
of  the  proper  range  were  used. 

The  next  logical  step  in  this  series  of  experiments  seemed  to  be 
to  determine  the  effect  of  this  degree  of  H  ion  concentration  on  the 
bacteria  studied.  Hydrochloric  acid,  acetic  and  phosphoric  acids  were 
prepared  to  a  H  ion  concentration  of  10-3.15,  the  maximum  theoretical 
acidity  of  the  CO,  used.  It  was  found  that  B.  coli  and  the  staphylo- 
coccus would  live  from  7-10  days  in  the  hydrochloric  and  acetic  acid 
of  this  acidity.  The  phosphoric  acid  (which  is  not  buffered  appreciably 
by  proteins)  was  found  to  be  more  injurious  to  the  organisms.  How- 
ever, both  the  staphylococcus  and  B.  coli  survived  the  action  of  the 
phosphoric  acid  for  48  hours.  Our  findings  in  this  respect  do  not 
coincide  fully  with  those  of  Michaelis,^°  who  found  that  B.  coli  was 
destroyed  in  48  hours  in  a  solution  of  lactic  acid  at  a  Ph  of  10-4.  It 
is  not  improbable  that  various  strains  of  the  same  organism  may  vary 
in  regard  to  their  resistance  to  acids. 

These  experiments  seem  to  justify  the  conclusion  that  the  acidity 
of  the  CO,  is  not  an  important  factor  in  the  destruction  of  the  organ- 
ism.    It  therefore  seemed  probable  that  the  high  molecular  concen- 

»o  Michaelis:   Ztschr.   f.    Immunitatsforsch.,   1912,   O.,    14,   170. 
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tration  or  the  sudden  change  in  the  osmotic  tension  of  the  fluid,  or 
possibly  both,  were  the  factors  which  destroyed  the  bacteria.  CO2  is 
very  soluble  in  water,  0.8  of  a  volume  being  soluble  for  each  atmos- 
pheric pressure.  The  maximal  COo  pressure  used  in  our  experiments 
was  67  atmospheres,  which,  according  to  the  law^  of  the  solubility  of 
gases,  would  cause  52  volumes  of  CO,  to  go  into  solution.  In  order 
to  determine  the  effect  of  this  molecular  tension  on  bacteria  a  solu- 
tion of  NaCl  of  corresponding  concentration  (7.2%)  was  prepared. 
Staphylococci,  and  B.  coli  were  suspended  in  this  solution,  which  was 
acidified  to  a  point  of  Ph  10-3.15.  and  cultures  were  taken  hourly.  It 
was  found  that  these  organisms  were  killed  in  about  15  hours.  It  does 
not  follow,  naturally,  that,  because  the  solution  of  CO,  and  sodium 
chlorid  were  of  the  same  molecular  concentration,  their  effect  on  bac- 
teria would  be  identical.  The  effect  of  each  on  the  membrane  of  the 
bacteria  might  be  widely  diflferent ;  possibly  the  size  of  the  molecule 
might  be  a  vital  factor,  not  to  mention  the  possibility  of  the  influence 
of  incidental  chemical  reactions.  Ignoring,  for  argument's  sake,  these 
unknown  factors,  and  assuming  the  effect  of  the  two  solutions  on 
bacteria  to  be  much  the  same,  we  are  led  to  the  conclusion  that  the 
sudden  release  of  the  pressure,  thereby  lowering  the  osmotic  tension 
of  the  fluid,  is  the  vital  factor  in  killing  the  bacteria,  as  it  was  found 
that  bacteria  were  killed  in  from  11/0-21 2  hours  in  CO,  solutions, 
whereas  15  hours  were  necessar}^  to  kill  them  in  acidified  salt  solution 
of  the  same  molecular  tension.  The  li/2-2i^  hours  probably  represents 
the  time  required  for  the  gas  to  become  dissolved  in  the  water  and  to 
diffuse  through  the  bacterial  membranes. 

The  effect  of  hydrogen  on  bacteria  was  likewise  studied.  Hydrogen 
being  only  slightly  soluble,  it  was  not  expected  that^i^s  effect  would  be 
so  marked  as  that  of  CO,,  its  solubility  being  0:0^  volumes  per 
atmosphere.  Bacteria  were  placed  in  the  apparatus  described  in  the 
previous  experiment  and  attached  to  a  hydrogen  tank  under  pressure 
of  120  atmospheres.  It  will  thus  be  seen  that  only  2.2  volumes  of 
hydrogen  could  be  dissolved  as  compared  with  52  volumes  of  COo. 
Sterile  cultures  were  never  obtained  under  the  influence  of  hydrogen, 
although  by  plating  the  bacteria  before  ahd  after  treatment  it  was 
possible  to  demonstrate  that  from  10-40%  of  B.  coli  had  been  killed 
in  24  hours.  There  was  evidence  that  many  of  the  bacteria  were 
broken  up  undes  the  influence  of  hydrogen  and  this  seemed  in  par- 
ticular to  be  true  of  the  tubercle  bacilli.     The  most  marked  effect  ©f 


10        W.  p.  Larson,  T.  B.  Ha^tzell,  and  Harold  S.  Diehl 

hydrogen  on  bacteria,  however,  was  its  tendency  to  affect  their  staining 
reaction.  Gram-positive  organisms  would  often  become  gram-negative, 
and  even  the  acid-fast  character  of  the  tubercle  bacilli  was  impaired. 

A  study  was  made  of  the  effect  of  hydrogen  on  the  pathogenicity  of 
pneumococci;  it  was  found,  however,  that  the  pathogencity  of  these 
organisms  for  white  mice  remained  unaltered. 

Nitrogen  under  a  pressure  of  120  atmospheres  seemed  to  be  entirely 
inert.  The  bacteria  were  not  killed;  neither  did  they  present  any 
morphologic  change. 

immunization    experiments 

As  stated  at  the  beginning,  our  object  was  to  obtain  the  antigenic 
principle  of  bacteria  in  a  diffused  state  in  order  to  make  it  less  acces- 
sible to  the  phagocytes,  thereby  hoping  to  obtain  an  antigen  capable 
of  producing  a  higher  degree  of  immunity  than  is  ordinarily  possible 
with  bacterial  antigens.  Typhoid  bacilli  which  had  been  under  ortho- 
static pressure  of  from  6,000-12,000  atmospheres  were  placed  on  a 
shaking  machine  for  10  hours,  after  which  they  were  filtered  through 
a  Berkefeld  filter  and  the  filtrate  injected  into  rabbits. 

The  question  of  a  standard  dosage  at  once  became  a  serious 
problem.  Bacteria  which  had  been  under  pressure  were  difficult  to 
standardize.  The  following  technic  was  therefore  adopted.  Six  24- 
hour  slant  agar  cultures  were  mixed  with  infusorial  earth  and  placed 
under  pressure  for  14  hours.  On  removal  from  the  pressure  apparatus 
the  infusorial-earth-bacterial  mixture  was  taken  up  in  50  c  c  of  dis- 
tilled water  and  placed  on  the  shaking  machine  and  later  filtered. 
Two  c  c  of  the  filtrate  were  then  injected  into  the  marginal  ear  vein 
of  rabbits  at  5-day  intervals.  Ten  days  following  the  third  injection 
the  agglutinating  titer  of  the  blood  serum  was  determined.  It  was  not 
uncommon  to  find  that  the  serum  of  rabbits  thus  treated  would  agglu- 
tinate typhoid  bacilli  in  dilutions  of  1 :  10,000.  We  rarely  found  the 
titer  to  be  below  1 :  5,000:  Rabbits  treated  with  living  typhoid  bacilli 
in  the  same  manner  never  yielded  a  serum  of  this  agglutinating  titer : 
from  1 :  100  to  1 :  500  being  the  average  agglutinating  titer  of  the 
serum  of  rabbits  treated  in  this  way. 

Animals  were  likewise  immunized  with  bacteria  and  bacterial  fil- 
trate of  cultures  killed  by  COg.  Although  these  experiments  are  not 
yet  terminated  it  may  be  said  that  bacteria  killed  by  CO2  give  excellent 
results  in  the  way  of  stimulating  antibody  formation,  it  being  found 
that  typhoid  bacilli  killed  in  this  way  gave  an  agglutinating  serum  of  a 
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higher  titer  than  when  a  corresponding  amount  of  the  living  culture 
was  used.  The  B.  coli  as  well  as  other  gram-negative  bacilli,  it  was 
observed,  became  far  more  toxic  after  having  been  killed  by  CO,  than 
the  living  cultures.  This  is  probably  due  to  the  fact  that  large  amounts 
of  bacterial  protein  were  liberated  by  the  killing  process. 

A  few  attempts  to  immunize  with  the  hydrogen-treated  bacteria 
have  been  undertaken.  In  studying  the  complement-fixation  reaction 
in  tuberculosis  excellent  results  were  obtained  with  antigens  which 
had  been  disintegrated  by  hydrogen. 

RESUME 

It  has  been  found  that  a  direct  pressure  of  6,000  atmospheres  kills 
non-spore- forming  bacteria  in  14  hours.  A  pressure  of  about  12,000 
atmospheres  for  the  same  length  of  time  is  required  to  kill  spores. 

Non-spore-bearing  bacteria  are  killed  by  CO2  of  50  atmospheres 
pressure  in  about  1%  hours.  Yeast  cells  withstand  the  action  of  CO, 
for  more  than  24  hours,  probably  because  of  their  ability  to  transmit 
the  CO2  molecule  through  the  membrane  promptly. 

The  maximum  acidity  of  solutions  of  CO,  used  in  our  experiments 
was  Ph  10-3.15.  It  was  shown  that  this  degree  of  acidity  was  not  a 
factor  in  killing  the  bacteria.  A  solution  of  sodium  chlorid  of  a  molec- 
ular concentration  corresponding  to  a  solution  of  CO2  under  67  atmos- 
pheres and  acidified  to  Ph  10-3.15  required  15  hours  to  render  cultures 
of  staphylococci  and  B.  coli  sterile.  It  was  therefore  concluded  that 
the  sudden  change  in  the  osmotic  tension  of  the  fluid  in  which  the 
bacteria  were  suspended  was  the  factor  which  destroyed  the  organisms. 

Many  of  the  gram-negative  bacteria  could  be  broken  up  by  the 
sudden  release  of  the  CO,  while  the  gram-positive  bacteria,  although 
killed,  suflFered  little  or  no  morphologic  change. 

Hydrogen  killed  from  10-40%  of  B.  coli.  This  gas  had  no  eflfect 
on  the  pathogenicity  of  pneumococci. 

The  acid-fast  character  of  the  B.  tuberculosis  was  impaired  by  the 
action  of  hydrogen.  Hydrogen-treated  tubercle  bacilli  yielded  a  suit- 
able antigen  for  the  complement  fixation  reaction. 

Nitrogen  under  a  pressure  of  120  atmospheres  had  no  effect  on 
bacteria. 

Filtrate  of  typhoid  bacteria  which  had  been  subjected  to  a  direct 
load  of  6,000  atmospheres  for  14  hours  was  found  to  be  far  superior 
to  the  living  culture  as  an  immunizing  antigen.  Bacteria  killed  by  CO, 
were  likewise  found  to  be  excellent  antigens. 
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Although  a  large  amount  of  work  has  been  done  in  recent  years 
in  attempts  to  determine  the  fundamental  nature  of  anaphylaxis,  this 
problem  has  not  been  entirely  cleared  up.  It  is  not  the  purpose  of  this 
paper  to  attempt  in  any  way  to  review  the  vast  literature  which  has 
accumulated  on  the  subject.  In  the  interest  of  context,  however,  it 
may  be  recalled  that  there  are  two  theories  regarding  the  fundamental 
mechanism  of  anaphylaxis.  Friedberger  and  his  pupils  hold  to  the 
humoral  theqry.  According  to  this  conception,  when  an  antigen  is 
acted  on  by  its  specific  antibody  of  the  third  order  the  antigen  is 
broken  up  into  toxic  substances  which  are  called  anaphylatoxin  or 
apotoxin,  to  which  all  manifestations  of  protein  anaphylaxis  are 
ascribed.  This  conception  of  the  mechanism  of  anaphylaxis  would 
seem  to  be  supported  by  the  test  tube  experiment,  in  which  apotoxin 
may  be  readily  formed  by  bringing  together  the  suitable  reagents. 
The  humoral  theory  is,  however,  wholly  inadequate  to  account  for  the 
observation  that,  if  an  animal  is  immunized  passively,  a  certain  incu- 
bation period  must  elapse  before  anaphylactic  phenomena  manifest 
themselves  on  the  introduction  of  the  antigen. 

It  was  a  study  of  the  mechanism  of  passive  anaphylaxis  that  led  to 
the  development  of  the  cellular  theory,  the  chipf  proponents  of  which 
are  Schultz,^  Dale,"  Weil,^  and  Cocoa.*  According  to  the  cellular 
theory  the  site  of  reaction  in  anaphylactic  phenomena  is  not  in  the 
tissue  fluids  but  within  the  cells.  When  an  animal  is  immunized 
passively  it  is  assumed  that  the  tissue  cells  appropriate  the  antibodies 
and  thus  become  sensitized  to  the  antigen.  According  to  the  view  of 
the  proponents  of  the  cellular  theory  of  anaphylaxis,  we  have  here 
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a  plausible  explanation  of  the  period  of  latency  required  to  effect 
passive  sensitization,  which  the  Friedberger  theory  does  not  supply. 
If  we  accept  this  explanation  of  anaphylaxis  it  is  apparent  that  the 
tissue  cells  discriminate  between  the  different  orders  of  antibodies,  as 
passive  immunization  does  not  always  sensitize  against  the  specific 
antigen.  Were  this  the  case  it  would  be  the  height  of  folly  to  admin- 
ister tetanus  antitoxin  prophylactically,  as  such  treatment  would  sensi- 
tize the  individual  to  tetanus  rather  than  afford  protection.  It  is,  on 
the  contrary,  admittedly  good  therapeutics  to  immunize  passively 
against  tetanus  and  in  some  cases  against  diphtheria  as  well.  The 
individual  immunized  against  tetanus  never  becomes  more  sensitive, 
but  invariably  more  immune  to  tetanus  toxin.  If  the  tissue  cells  should 
appropriate  the  injected  tetanus  antitoxin  and  the  individual  later 
become  infected  with  tetanus,  the  passive  immunization  would  probably 
prove  fatal.  It  would  therefore  appear  that  antibodies  of  the  first 
order  are  not  involved  in  the  mechanism  of  cellular  anaphylaxis.  The 
c^uestion  as  to  the  reason  for  this  discrimination  by  the  tissue  cells 
between  the  antibodies  of  the  first  and  third  order  would  indeed  be  an 
interesting  problem  for  investigation. 

While  there  are  some  very  potent  objections  to  the  unreserved 
acceptance  of  the  cellular  theory  of  anaphylaxis,  it  has,  on  the  other 
hand,  much  in  its  favor.  The  fact  that  a  period  of  incubation  of  at 
least  from  4-6  hours  is  required  to  sensitize  passively  would  seem  to 
allow  of  no  other  explanation.  This  is  further  supported  by  the 
observation  of  Weil  that  tissue  sensitization  is  coincident  with  the 
disappearance  of  antibodies  from  the  blood  stream.  Weil  found  fur- 
ther that  a  sensitized  animal  could  be  protected  from  anaphylaxis  by 
insuring  the  presence  of  antibodies  in  the  blood  stream  when  the 
antigen  was  given. 

The  final  supporting  pillar  to  the  theory  of  cellular  anaphylaxis 
was  furnished  by  the  work  of  Schultz  and  Dale  who  attempted  to 
wash  the  sensitized  tissues  free  of  blood  and  lymph,  after  which  such 
tissues  were  exposed  to  the  stimulus  of  their  specific  antigens.  These 
experiments  presuppose  the  ability  completely  to  isolate  the  tissue 
cells  from  the  body  fluids.  Dale  washed  the  uterus  of  the  guinea-pig 
supposedly  free  of  blood  by  inserting  a  cannula  into  the  abdominal 
aorta  and  perfusing  the  lower  half  of  the  body  with  Locke's  fluid, 
allowing  the  efferent  fluid  to  escape  from  the  inferior  vena  cava.  The 
perfusion  was  continued  "for  upwards  of  half  an  hour"  until  the 
efferent  fluid  appeared  free  of  blood.  The  same  technic  has  been  used 
by  Weil  and  others  in  the  study  of  cellular  anaphylaxis  in  guinea-pigs. 
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No  attempt  was  made  by  these  authors  to  estimate  the  amount  of 
residual  blood  remaining  in  the  tissues  following  perfusion.  Such 
investigation  was  undertaken  by  Cocoa.  By  estimating  the  amount  of 
blood  cells  and  complement  in  the  perfusion  fiuid  he  arrived  at  the 
conclusion  that  from  1.6-6%  of  residual  blood  remained  in  the  tissues 
following  perfusion. 

Manwaring^  perfused  the  lungs  of  normal  and  anaphylactic  guinea- 
pigs  by  putting  the  afferent  cannula  into  the  pulmonary  artery  and 
allowing  the  fluid  to  escape  through  an  incision  in  the  left  auricle. 
Assuming  that  he  had  washed  the  lungs  free  of  blood  with  Locke's 
solution,  he  concluded  that  the  anaphylactic  reaction  was  partly  cellu- 
lar and  partly  humoral. 

In  studying  spontaneous  phagocytosis  in  the  liver  with  India  ink 
we  were  surprised  to  find  that  the  ink  particles  were  deposited  only  in 
restricted  areas  of  the  organ.  It  was  evident  that  only  a  small  part 
of  the  liver  was  traversed  by  the  perfusing  fluid.  This  observation 
suggested  the  possibility  of  making  use  of  this  procedure  in  studying 
the  course  of  the  perfusing  fluid  through  an  organ  and  in  determining 
to  what  extent  it  is  possible  to  wash  an  organ  free  of  blood. 

Experiments 

The  apparatus  is  so  constructed  that  fluid,  at  body  temperature,  may  be 
passed  through  the  organ  and  collected  for  examination.  The  animal  is  placed 
inside  an  incubator  kept  at  a  temperature  of  i7  C.  A  funnel  provided  with  a 
stopcock  is  supported  on  a  ring-stand.  Fluid  from  the  funnel  passes  through 
a  glass  coil  which  rests  in  a  beaker  of  water  kept  at  a  temperature  of  38  C. 
A  rubber  tube  leads  from  the  glass  coil  through  a  small  hole  in  the  side  of 
the  incubator  to  the  aff^erent  cannula.  This  tube  is  connected  with  a  mercury 
manometer  and  the  height  of  the  funnel  is  so  adjusted  that  the  manometer 
registers  a  pressure  of  about  2-3  cm.  Hg.  The  efferent  cannula  is  connected 
with  a  rubber  tube  which  passes  through  a  small  hole  in  the  side  of  the  incu- 
bator so  that  the  fluid  may  be  collected  outside.  Several  places  are  provided 
to  let  out  any  air  bubbles  which  may  get  into  the  apparatus.  By  means  of 
the  stopcock  on  the  funnel  the  perfusion  may  be  discontinued  temporarily  at 
any  time.  Locke's  solution,  at  a  temperature  of  about  Z7  C,  was  used  to  per- 
fuse the  organs.  Most  of  the  experiments  were  performed  on  the  liver,  but 
the  lungs  and  the  uterus  were  also  perfused  a  few  times  each.  A  typical 
experiment  will  illustrate  the  procedure  and  the  results. 

The  rabbit  is  killed  with  ether.  Before  the  heart  quits  beating  a  cannula 
containing  sodium  citrate  is  inserted  into  the  portal  vein  near  its  entrance 
into  the  transverse  fissure  of  the  liver.  The  gastric  vessels  in  the  lesser 
omentum  are  then  tied  off.  Another  cannula  is  inserted  into  the  superior  vena 
cava  in  the  thorax.  From  50-100  c  c  of  Locke's  solution  warmed  to  37  C. 
are  passed  through  immediately  under  gentle  pressure  to  wash  out  most  of 
the  blood.     The  animal  is  then  put  into  an  incubator   (temperature  37-40  C.). 

*  Jour.    Immunol.,    1917,   2,   p.    157, 
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and  the  perfusion  is  begun  at  once,  about  10  minutes  after  the  insertion  of 
the  first  cannula.  The  manometer  registers  a  pressure  of  about  2-3  cm.  Hg. 
Perfusion  begins  at  2 :  55.  Fluid  from  exit  cannula  is  reddish  at  first  but 
finally  becomes  clear.  At  3 :  07  a  faint  trace  of  albumin  in  fluid  from  exit 
cannula;  3:15,  albumin  negative.  Perfusion  stopped  for  3  minutes,  then  con- 
tinued. Fluid  is  now  blood  stained,  shows  erythrocytes  microscopically,  and 
gives   positive   albumin   test.     3:22,   albumin   negative;    perfusion    stopped    for 

5  minutes.  3 :  27,  perfusion  begun  again.  Fluid  contains  blood.  Albumin 
strongly  positive.  3 :  35,  albumin  negative.  Perfusion  discontinued  for  6  min- 
utes. 3:41,  perfusion  continued.  Blood  and  albumin  present.  3:48,  albumin 
negative.  Perfusion  discontinued  for  5  minutes.  At  3 :  53,  perfusion  con- 
tinued. Blood  and  albumin  present.  4 :  00,  albumin  negative.  Perfusion  dis- 
continued for  5  minutes.  4:05,  perfusion  continued.  Blood  and  albumin  pres- 
ent. 4 :  06,  end  of  experiment.  About  2,000  c  c  of  Locke's  solution  has  been 
passed  through  the  liver. 

All  perfusions,  whether  of  liver,  lung,  or  uterus,  give  about  the 
same  results.  It  is  never  possible  to  wash  out  all  the  blood  and  albu- 
min. The  fluid  from  the  exit  cannula  soon  becomes  free  of  albumin 
and  blood,  but  if  the  perfusion  is  discontinued  for  a  few  minutes  both 
these  substances  reappear.  The  explanation  of  this  phenomenon  will 
be  more  apparent  after  we  have  considered   the  experiments  with 

India  ink. 

Typical  India  Ink  Experiment 

A  liver  is  prepared  as  described  above  and  washed  with  1,000  c  c  of 
Locke's  solution.  The  fluid  from  the  exit  cannula  is  free  from  albumin. 
Then  a  litle  India  ink  (Higgins)  is  added  to  another  1,000  c  c  of  Locke's 
solution  and  this  is  passed  through  the  liver.  The  ink  suspension  is  very 
thin.  At  first  the  fluid  from  the  exit  cannula  is  clear,  all  the  ink  particles 
having  been  taken  up  by  the  endothelial  cells  of  the  liver.  Later  on  the 
fluid  from  the  exit  cannula  is  just  as  dark  as  that  entering  the  afferent  cannula, 
showing  that  no  more  ink  particles  are  being  held  in  the  liver.  The  perfusion 
is  discontinued  at  this  point.  The  pressure  is  constant  throughout  the  experi- 
ment and  the  rate  of  flow  from  the  exit  cannula  is  unchanged,  indicating  that 
there  is  no  obstruction  to  the  flow  of  the  fluid. 

A  liver  perfused  with  Locke's  solution  containing  India  ink  shows 
blackened  portions,  the  black  color  being  due  to  retention  of  the 
carbon  particles  of  the  ink  by  the  endothelial  cells  of  the  liver.  The 
blackened  areas  evidently  correspond  to  the  parts  of  the  liver  through 
which  the  perfusing  fluid  passed.  There  is  great. variation  in  the  size 
and  position  of  the  blackened  areas  in  different  specimens.  In  every 
case  there  are  large  areas  of  liver  tissue  not  blackened  at  all.  In  some 
instances  only  the  dorsal  part  of  the  liver  is  blackened  (this  is  the 
lower  part  during  the  perfusion)  ;  in  others  only  a  comparatively 
small  area  around  the  hilus.  The  blackened  areas  shown  in  Figs. 
1,  2,  3,  and  4  indicate  the  parts  of  the  liver  through  which  the  perfus- 
ing fluid  actually  passed.    It  is  clear  that  even  in  the  most  favorable 
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cases  there  are  extensive  areas  of  liver  tissue  not  reached  by  the 
perfusing  fluid  and  that  sometimes  only  an  insignificantly  small  part 
of  the  liver  is  perfused.  Even  in  blackened  portions  of  the  liver  the 
cut  surface  shows  that  the  fluid  has  reached  only  the  central  parts  of 
the  lobule  (Fig.  5).  It  is  therefore  an  error  to  assume  that  all  tlic 
blood  has  been  washed  out  of  the  liver  because  the  fluid  coming  from 
the  organ  is  free  from  albumin. 

It  was  pointed  out  in  the  foregoing  that  it  is  not  possible  to  wash 
all  the  blood  out  of  the  Hver.  It  is  easy  to  get  the  fluid  from  the 
liver  free  from  albumin  by  continuous  rather  rapid  perfusion;  but  if 
the  perfusion  is  discontinued  for  a  few  minutes  blood  and  albumin 
invariably  reappear.  The  experiments  with  ink  give  us  a  clear 
explanation  of  this  phenomenon.  The  perfusing  fluid  traverses  only 
certain  parts  of  the  liver  and  these  soon  become  free  of  blood;  but 
during  the  periods  when  the  perfusion  is  discontinued,  blood  from 
the  adjacent  areas  of  liver  tissue  diffuses  into  the  main  path  of  the 
fluid.  Hence,  at  each  renewal  of  the  perfusion  after  a  pause  blood 
and  albumin  reappear. 

On  theoretical  grounds  it  is  not  to  be  expected  that  all  of  the 
blood  can  be  washed  out  of  an  organ  with  Locke's  solution  since  the 
latter  is  much  thinner  than  blood  and  produces  much  less  friction 
on  the  walls  of  the  vessels.  As  soon  as  a  passage  is  opened  up 
through  the  organ  the  resistance  along  this  route  will  be  much  less 
than  through  capillaries  containing  blood,  and  the  fluid  will  take  the 
path  of  least  resistance. 

Air  bubbles  cannot  be  a  factor  in  directing  the  course  of  the  per- 
fusing fluid  since  these  were  always  carefully  excluded.  The  ink  does 
not  block  any  of  the  blood  vessels.  The  carbon  particles  are  found 
on  microscopic  examination  for  the  most  part  in  the  endothelial  cells. 
A  liver  blackened  by  an  ink  perfusion  is  unaflfected  by  washing  with 
clear  Locke's  solution.    No  carbon  particles  are  washed  out. 

The  lungs  were  perfused  by  putting  the  afferent  cannula  in  the 
pulmonary  artery  and  the  eflterent  in  the  left  auricle.  The  trachea 
was  ligatured  before  the  thorax  was  opened  to  prevent  collapse  of 
the  lungs.  It  was  also  found  impossible  to  wash  all  the  blood  out  of 
the  lungs.  The  efferent  fluid  soon  became  free  of  blood  and  albumin, 
but  both  these  substances  reappeared  after  temporary  interruption  of 
the  perfusion.  Perfusion  with  India  ink.  after  preliminary  washing 
with  Locke's  solution,  showed  the  same  irregular  blackening  of  the 
lung  tissue  as  was  described  above  in  the  liver  (Fig.  6). 
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The  uterus  was  perfused  according  to  Dale's  method.  In  general, 
the  same  results  were  obtained  as  with  the  lungs  and  the  liver. 

Since  the  perfusion  of  an  organ  is  so  incomplete  it  is  obvious  that 
circulating  antibodies  are  not  entirely  removed  by  this  procedure.  It 
follows  that  the  experiments  of  Dale  and  Weil  with  perfused  uterine 
muscle  cannot  be  regarded  as  lending  any  support  to  the  theory  of 
cellular  anaphylaxis.  In  like  manner  it  will  be  seen  that  the  presence 
of  cellular  antibody  is  not  established  in  Manwaring's  experiment 
with  14-day  anaphylactic  lung. 

It  is  recognized  by  us  that  our  experiments  do  not  overthrow  the 
doctrine  of  cellular  anaphylaxis.  It  is  our  purpose  only  to  call  atten- 
tion to  the  unsoundness  of  one  of  the  main  arguments  which  have 
been  advanced  in  its  support. 

SUMMARY 

It  has  been  shown  that  it  is  impossible  to  wash  all  the  blood  out  of 
an  organ  by  perfusion  methods.  The  efferent  fluid  becomes  free  from 
blood  and  albumin  in  a  short  time,  but  these  substances  reappear  if 
the  perfusion  is  temporarily  discontinued  a  few  minutes. 

By  perfusing  organs  with  Locke's  solution  containing  India  ink, 
the  course  taken  by  the  fluid  through  the  organ  has  been  mapped 
out.  It  has  been  found  that  a  surprisingly  small  part  of  the  capillary 
system  is  really  washed  out  by  the  perfusing  fluid. 

This  technic  does  not  therefore  remove  circulating  antibodies  com- 
pletely, as  has  been  assumed,  and  this  type  of  experiment  does  not 
establish  the  presence  of  cellular  antibodies. 


EXPLANATION    OF    PLATE 

The  organs  were  first  perfused  continuously  with  warm  Locke's  solution 
until  the  efferent  fluid  was  free  from  albumin,  after  which  they  were  per- 
fused with  warm  Locke's  solution  to  which  some  India  ink  had  been  added. 
The  blackened  areas  show  the  course  of  the  fluid  through  the  organ.  All 
figures  are  photographs. 

Fig.  1.    Ventral  surface  of  liver. 

Fig.  2.     Dorsal  surface  of  liver.     Very  little  passed  through  the  left  lobe. 

Fig.  3.     Two   pieces   of   a   liver,   showing   a   very   incomplete   perfusion. 

Fig.  4.  Dorsal  surface  of  liver.  The  fluid  passed  through  a  relatively 
small  area  around  the  transverse  fissure. 

Fig.  5.  Section  of  a  deeply  blackened  area  from  a  liver,  showing  that 
even  in  this  part  not  over  half  the  hepatic  cells  are  reached  by  the  per- 
fusing fluid. 

Fig.  6. — Dorsal  surface  of  lungs.     Very  incomplete  perfusion  of  one  lung. 
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There  is  probably  no  phase  of  bacteriologic  research  that  has 
occupied  the  attention  of  investigators  more  than  the  preparation  of 
culture  mediums.  Most  of  such  investigations  have  been  directed 
toward  supplying  bacteria  with  the  nutritive  material  best  adapted  to 
their  specific  individual  requirements.  Aside  from  its  reaction,  the 
physico-chemical  state  of  the  medium  has  received  but  little  attention. 

It  is  the  purpose  of  this  paper  to  record  the  behavior  of  some  of 
the  common  bacteria  when  cultivated  on  medium  of  low  surface 
tension. 

Our  investigation  naturally  began  with  a  search  for  suitable  sub- 
stances with  which  to  lower  the  surface  tension  of  mediums.  It  was 
soon  found  that  substances  that  would  lower  the  surface  tension  of 
water  would  not  always  act  satisfactorily  in  lowering  the  tension  of 
broth  or  other  mediums.  Furthermore,  only  such  surface  tension 
depressants  could  be  used  as  were  of  themselves  toxic  neither  to  bac- 
teria nor  to  laboratory  animals  into  which  cultures  or  filtrates  were 
subsequently  to  be  injected.  It  was  found  that  soap  fulfilled  our 
requirements  better  than  anything  else  tried.  A  large  variety  of  com- 
mercial soaps  were  used,  after  first  being  purified  and  neutralized. 
They  all  possessed  certain  disadvantages,  however,  as  they  invariably 
caused  a  marked  turbidity  of  the  medium.  Furthermore,  the  surface 
tension  of  the  medium  depressed  by  the  various  soaps  would  not 
remain  constant,  due  to  the  fact  that  soap  tends  to  hydrolyze  when 
diluted,  which  causes  the  tension  to  rise.  Studies  were  therefore 
made  in  an  efTort  to  secure  a  soap  that  would  be  perfectly  clear  when 
in  solution,  and  which  would  be  sufficiently  stable  to  prevent  the  objec- 
tionable fluctuations  in  the  surface  tension  of  the  medium.  It  was 
found  that  pure  castor  oil  saponified  with  NaOH  met  these  require- 
ments. 

A  number  of  neutralized  fatty  acids  form  a  clear  solution  when  hot, 
but  become  turbid  and  viscous  on  cooling.    Solutions  of  castor  oil  soap 
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on  the  other  hand  remain  perfectly  clear  when  cooled,  do  not  hydro- 
lyze  on  sterilization  in  flowing  steam,  nor  do  they  become  viscous 
when  cooled. 

Castor  oil  soap  is  prepared  by  adding  an  alcoholic  solution  of  NaOH 
to  castor  oil  slightly  in  excess  of  its  saponification  equivalent.  The  mixture 
is  then  heated  over  the  water-bath  until  saponification  is  complete  when  the 
soap  is  dissolved  in  hot  absolute  alcohol  to  which  is  added  a  few  drops  of 
phenolphthalein.  Hydrochloric  acid,  diluted  with  alcohol,  is  then  added  drop 
by  drop  until  the  soap  solution  is  neutral.  It  is  then  filtered  on  paper  to 
remove  the  chlorids.  The  excess  of  alcohol  may  then  be  removed  by  evapora- 
tion, after  which  the  soap  solution  is  poured  into  a  saturated  solution  of  NaCl 
to  remove  the  glycerol  and  other  impurities.  After  further  filtration  followed 
by  washing  with  a  saturated  solution  of  sodium  chlorid  the  soap  is  ready 
for   use. 

The  drop  method  was  used  in  measuring  the  surface  tension. 
Weight  of  number  drops  of  medium 
Weight  of  number  drops  of  water 

In  order  to  give  a  general  idea  of  the  comparative  surface  tension 
of  various  fluids  it  may  be  stated  that  that  of  water  is  JZ,  alcohol  22, 
and  ether  16  dynes. 

The  broth  prepared  in  our  laboratory  by  standard  methods  has 
a  surface  tension  of  about  59  dynes.  This  may  vary  slightly,  but  it 
was  always  found  to  be  between  58  and  60  dynes,  59  being  the  value 
usually  obtained.  The  surface  tension  of  broth  may  be  lowered  to 
any  desired  point  down  to  32  dynes  by  adding  the  necessary  quantity 
of  soap  solution  to  the  medium. 

In  growing  bacteria  on  broth  of  lower  surface  tension  we  were 
impressed  by  the  behavior  of  the  B.  subtilis  when  the  tension  had 
been  depressed  below  45  dynes.  When  grown  on  such  medium  this 
organism  no  longer  forms  a  pellicle,  but  grows  down  in  the  body  of 
the  medium.  When  the  tension  of  the  broth  is  depressed  to  below  45 
dynes  the  growth  of  the  B.  subtilis  is  largely  at  the  bottom  of  the  tube. 
It  was  further  observed  that  spore  formation  was  markedly  suppressed 
and  sometimes  entirely  absent,  especially  after  cultivation  on  low  ten- 
sion mediums  for  several  generations.  B.  subtilis  grown  on  medium 
of  low  surface  tension  may  sometimes  be  rendered  sterile  by  heating 
to  60  degrees  for  an  hour  which  indicates  that  spore  formation  has 
been  entirely  suppressed.  It  is  generally  supposed  that  B.  subtilis 
grows  on  the  surface  of  broth  because  of  its  great  demand  for  oxygen. 
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Since  our  work  has  shown  that  this  organism  is  capable  of  growing 
throughout  the  medium,  even  at  the  bottom  of  the  tube,  it  is  evident 
that  its  oxygen  requirement  is  not  the  chief  reason  for  surface  growth 
on  ordinary  broth.  In  this  connection  we  would  not  overlook  the  fact 
that  lowering  the  surface  tension  of  water  increases  its  ability  to  dis- 
solve oxygen  and  other  gases.  A  striking  feature  common  to  most 
bacteria  which  grow  on  the  surface  of  liquid  mediums,  particularly 
B.  subtilis,  B.  mesentericus,  and  B.  tuberculosis  and  others,  is  that 
whenever  there  is  pellicle  formation  there  is  little  or  no  growth  except 
at  the  very  surface.  In  inoculating  a  flask  of  glycerol  broth  with 
B.  tuberculosis  large  numbers  of  organisms  may  sink  to  the  bottom  of 
the  flask,  but  only  those  that  remain  at  the  surface  show  signs  of 
multiplying.  Other  bacteria,  such  as  B.  coli,  the  cholera  spirillum, 
first  show  signs  of  development  at  or  near  the  surface  even  though 
there  is  no  pellicle  formation.  What  can  be  the  explanation  of  this 
selective  site  of  so  many  bacteria?  It  is  possible  that  at  the  surface 
of  the  medium  certain  substances  are  concentrated  which  favor,  or  are 
even  necessary,  for  the  metabolism  of  many  micro-organisms.  It  is  a 
well  known  fact  that  surface  energy  tends  to  reduce  itself  to  a  mini- 
mum, and  that  this  may  be  accomplished  in  two  ways :  ( 1 )  by  the 
reduction  of  the  surface  area  of  the  liquid,  or  (2)  by  reducing  the 
surface  tension,  or  both.  The  surface  tension  of  the  liquid  is  reduced 
to  the  lowest  point  possible  through  the  concentration  of  the  surface 
tension  depressants  at  the  surface  of  the  liquid.  B.  subtilis  and  other 
bacteria,  which  show  such  predilection  for  the  surface  of  the  medium, 
probably  select  this  zone  because  the  surface  tension  reducing  sub- 
stances concentrated  there  are  required  for  their  metabolism.  The 
pellicle  formation  is  probably  a  mere  coincident,  the  surface  tension 
of  the  fluid  being  sufficient  to  support  the  weight  of  the  organisms  just 
as  certain  insects  may  be  supported  on  the  surface  of  water  because 
of  its  high  surface  tension. 

The  question  naturally  suggests  itself  as  to  whether  or  not  all 
aerobic  bacteria  might  not  become  pellicle  formers  were  the  surface 
tension  of  the  culture  medium  sufiiciently  high.  Since  it  is  impossible 
to  raise  the  tension  of  a  medium  much  above  that  of  water,  this 
experiment  has  its  limitations.  However,  we  have  found  that  B.  coli 
as  well  as  some  of  the  paratyphoid  bacteria  form  well  developed 
{jellicles  when  grown  on  an  inorganic  medium  having  a  surface  tension 
of  72.2  dynes. 
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Investigations  have  also  been  conducted  with  reference  to  the  influ- 
ence of  the  surface  tension  of  the  medium  on  some  of  the  common 
anaerobic  bacteria,  such  as  B.  tetani,  B.  botuHnus,  B.  chauvei.  It  was 
found  that  B.  tetani  grew  well  under  ordinary  aerobic  conditions 
providing  the  surface  tension  of  the  medium  had  been  properly 
depressed.  B.  tetani  produces  a  potent  toxin  when  grown  on  ordinary 
broth,  the  surface  tension  of  which  has  been  reduced  to  about  40  dynes. 

This  would  seem  to  indicate  that  we  cannot  draw  a  sharp  line 
between  the  aerobic  and  anaerobic  bacteria  although  there  can  be  no 
question  but  that  some  bacteria  demand  a  liberal  supply  of  oxygen, 
while  others  cannot  thrive  where  the  supply  is  too  liberal.  In  this 
connection  it  may  be  pointed  out  that  one  of  the  popular  methods  of 
producing  anaerobiosis  is  to  cover  the  medium  with  a  layer  of  sterile 
oil,  the  object  of  the  oil  being  to  exclude  oxygen  from  the  medium 
which  it  covers. 

Since  oil  is  a  much  better  solvent  of  oxygen  than  water,  is  it 
reasonable  to  suppose  that  oil  actually  does  exclude  oxygen?  If  the 
tube  were  sealed  ofif  immediately  after  introducing  oil  into  the  test 
tube  it  might  be  argued  that  the  oil,  because  of  its  being  a  better 
oxygen  solvent  than  the  medium,  would  cause  the  gas  to  diffuse  from 
the  medium  into  the  oil  later ;  but  since  the  sealing  of  the  tube  follow 
ing  the  introduction  of  the  oil  is  not  necessary  to  effect  the-  so-called 
anaerobic  condition,  this  is  obviously  not  the  explanation.  A  little 
experiment  which  shows  that  the  oil  does  not  exclude  oxygen  from 
culture  medium  may  be  made  by  inoculating  a  tube  of  broth  with  a 
culture  of  B.  subtilis  after  which  the  inoculated  medium  may  be 
covered  with  a  layer  of  sterile  oil ;  48  hours  following  this  inoculation 
it  will  be  found  that  the  subtilis  has  formed  a  very  heavy  pellicle  just 
beneath  the  oil  layer,  showing  that  oxygen  does  pass  from  the  oil  into 
the  medium,  otherwise  this  organism  would  not  be  able  to  grow  at  this 
point.  The  oil  undoubtedly  favors  the  growth  of  anaerobic  bacteria 
because  it  reduces  the  surface  tension  of  the  medium,  and  as  a  result 
the  surface  tension  depressants  contained  in  the  medium  are  not  con- 
centrated at  the  surface  as  would  ordinarily  be  the  case,  but  are  dis- 
persed throughout  the  medium  where  they  can  serve  the  metabolic 
requirements  of  the  anaerobic  bacteria  that  under  ordinary  circum- 
stances would  be  unable  to  avail  themselves  of  these  surface  tension 
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lowering  substances  because  of  the  excess  of  oxygen  at  the  surface 
where  they  are  concentrated. 

The  mere  act  of  lowering  the  surface  tension  of  the  medium  will 
not  cause  all  anaerobes  to  grow  under  ordinary  aerobic  conditions. 
Such  a  germ  as  B.  chauvei  fails  to  show  any  appreciable  development 
under  such  conditions. 

Most  bacteria  seem  to  grow  best  when  the  surface  tension  has  not 
l)een  depressed  below  53  to  55  dynes,  although  most  of  the  more  com- 
mon bacteria,  such  as  the  staphylococcus,  B.  coli,  B.  typhosus,  and 
B.  paratyphosus  show  some  growth  when  the  surface  tension  has  been 
depressed  as  low  as  32  dynes. 

Surface  tension  below  45  dynes  tends  to  cause  many  bacteria  to 
agglutinate,  thus  giving  the  impression  that  the  growth  is  entirely  at 
the  bottom  of  the  test  tube,  this  being  particularly  true  of  the  typhoid 
and  paratyphoid  bacilli.  The  streptococci  and  pneumococci  do  not 
grow  well  where  the  surface  tension  has  been  brought  below  50  dynes. 
The  pneumococci  show  a  tendency  to  disintegrate  when  grown  on  a 
medium  of  a  low  surface  tension.  This  observation  suggests  that  the 
solution  of  pneumococci  by  bile  may  be  due,  in  part  at  least,  to  the 
lowering  of  the  surface  tension  which  bile  induces.  B.  tuberculosis 
grows  very  well  on  medium  of  low  surface  tension.  Like  B.  subtilis 
it  no  longer  grows  with  pellicle  formation,  but  grows  at  the  bottom  of 
the  medium. 

The  pathogenicity  of  bacteria  seems  to  be  profoundly  affected  by 
the  surface  tension  of  the  medium  on  which  they  are  grown.  We 
hope  to  give  a  detailed  report  on  the  relation  of  pathogenicity  and 
toxin  formation  of  bacteria  to  the  surface  tension  of  the  medium  in  a 
subsequent  article. 

SUMMARY 

The  growth  of  bacteria  on  ordinary  broth  is  greatly  influenced  by 
the  surface  tension  of  the  medium. 

A  sodium  soap  of  castor  oil  proved  to  be  a  practical  surface  tension 
depressant. 

All  pellicle  formers  cease  to  grow  at  the  surface  where  the  tension 
is  below  45  dynes. 

The  tendency  of  B.  subtilis  to  form  spores  is  considerably  reduced 
when  the  organism  is  grown  on  broth  medium  of  low  surface  tension. 
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Some  anaerobes,  B.  tetani  in  particular,  grow  well  under  ordinary 
aerobic  conditions  on  medium  of  reduced  surface  tension.  The  layer 
of  oil  often  used  to  cover  mediums  for  the  purpose  of  producing 
anaerobiosis,  probably  acts  by  reducing  the  surface  tension  rather  than 
by  excluding  oxygen. 


[RepritUed  from  the  American  Journal  of  Obslttrica  and  Diseaset  of  Women  and  Children, 
Vol.  LX XVIII.  Xo.  o,  1918.] 
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MULTIPLE  VASCULAR  ANOMALIES  OF  THE  GREAT 
VESSELS  IN  A  NEWBORN  CHILD.* 

BY 

E.  H.  NORRIS  AND  LOANA  M.  MILLER, 

Minneapolis,  Minn. 

(With  four  illtistrations.) 
I.    INTRODUCTION. 

In  recent  years  studies  on  the  vascular  system  of  higher  verte- 
brates have  gone  far  in  establishing  the  methods  by  which  vessels 
grow,  as  well  as  the  modes  of  derivation  of  the  definitive  trunks 
from  the  primitive  vessels.  These  studies,  which  have  been  carried 
on  by  a  large  number  of  investigators  by  the  application  of  various 
methods,  have  led  us  insistently  to  the  conclusion  that  the  vascular 
system  of  the  individual  is  fashioned  during  embryonic  life  ac- 
cording to  a  definite  plan  and  pattern  which  strikingly  manifests 
the  effects  both  of  phylogeny  and  heredity.  The  old  hypothesis 
introduced  by  Abey  (1868),  "of  a  uniform  all-pervading  capillary 
plexus  anlage  for  the  vascular  system,  is  far  too  crude  and  inexact 
for  the  facts"  Evans  (191 2).  Some  of  the  most  convincing  evidence 
against  this  old  theory  is  that  obtained  from  the  study  of  the 
anomalies  which  the  vascular  system  presents. 

In  reporting  the  present  case  the  authors  have  not  attempted 
to  review  the  literature  extensively,  neither  have  we  purposed  to 
discuss  at  length  the  possible  interpretations  of  the  anomalies. 
Believing  that  the  individual  case  carefully  investigated  and  recorded 
in  the  literature  has  its  intrinsic  value,  we  have  been  content  to 
describe  and  offer  a  simple  interpretation  of  the  conditions  found. 
Wlien  many  more  such  cases  have  been  given  literary  permanence, 
it  will  remain  for  some  later  worker  to  assemble  them  in  a  compre- 
hensive synthetic  study  from  the  magnitude  of  which  far  more 
accurate  and  significant  conclusions  may  be  drawn  than  by  the 
study  of  a  single  case. 

*  From  the  Department  of  Pathology,  University  of  Minnesota. 
Copyright,  William  Wood  &  Company. 
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The  specimen  about  to  be  described  is  the  body  of  a  female 
infant  born  alive  at  term,  but  which  lived  only  a  few  minutes  after 
delivery.  The  body  measured  44  centimeters,  total  length,  and 
weighed  3000  grams.  It  was  sent  into  the  Department  of  Pathology 
of  the  University  of  Minnesota  for  postmortem  examination. 
Besides  the  vascular  anomalies  which  are  fully  described  below, 
malformations  affecting  other  systems  were  also  present.  These 
were  as  follows:  slight  macroglossia,  imperforate  anus,  bicornate 
uterus,  and  hypoplasia  of  the  right  kidney.  Despite  the  unusual 
vascularization  of  the  lungs  and  of  the  left  lower  extremities  these 
structures  were  normally  developed. 

II.    DESCRIPTION   OF   ANOMALIES. 

1. — Arterial  anomalies,     a.  Aplasia  of  the  pulmonary  arteries. 

The  conus  arteriosus  arises  from  the  right  ventricle,  as  shown 
in  Fig.  I,  and  passes  cranially  and  to  the  left  to  be  continued  as 
the  ductus  arteriosus.  The  ductus  joins  the  descending  portion 
of  the  aortic  arch  at  the  point  marked  13  in  Fig.  i,  forming  with 
the  latter  vessel  a  very  acute  angle.  In  this  specimen  the  conus 
and  ductus  arteriosus  constitute,  in  reality,  one  trunk  whose  caliber 
is  uniform  throughout  its  entire  course.  No  branches  are  given  ofif 
at  any  point  and  it  is  therefore  impossible  to  say  at  what  place 
the  conus  terminates  or  the  ductus  takes  origin.  No  trace  of  the 
right  or  left  pulmonary  artery  can  be  found  either  by  external  ex- 
amination of  the  trunk  or  by  a  study  of  its  intimal  surface. 

h.  Dysplasia  of  the  left  sciatic  and  femoral  arteries  with  aplasia 
of  the  left  common  iliac,  external  iliac,  and  umbilical  arteries. 

As  shown  in  Fig.  2,  the  abdominal  aorta  (A),  in  the  upper  part 
of  its  course,  gives  origin  to  its  usual  branches  in  their  accustomed 
order  and  position.  Just  caudal  to  the  point  of  origin  of  the  superior 
mesenteric  artery  (Fig.  2,  2)  the  aorta  is  slightly  deflected  toward 
the  right.  From  this  region  it  passes  obliquely  across  the  anterior 
surface  of  the  vertebral  column,  giving  rise  in  its  course  to  the  in- 
ferior mesenteric  artery  (Fig.  2,  3)  and  terminating  at  the  level 
of  the  lower  margin  of  the  second  lumbar  vertebra  by  dividing 
into  two  very  unequal  trunks — the  right  common  iliac  artery 
(Fig.  2,  5)  and  the  left  sciatic  artery  (Fig.  2,  4).  Of  these  terminal 
trunks  the  right  and  larger  vessel,  which  appears  as  the  direct 
continuation  of  the  aorta,  is  regarded  as  the  right  common  iliac. 
It  passes  downward  and  laterally,  maintaining  the  general  course 
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of  the  parent  trunk,  and  bifurcates  in  front  of  the  iliosacral  joint 
at  the  level  of  the  inferior  edge  of  the  fourth  lumbar  vertebra  into 
the  right  umbilical  (Fig.  2,  R.  U.  A.)  and  the  right  external  iliac 
arteries  (Fig.  2,  6).  The  right  umbilical  artery,  which  is  the  larger 
of  these  two  branches,  passes  into  the  pelvis  where  it  gives  off 


Fig.  I. — Antero-left  lateral  view  of  the  heart  and  great  vessels.  R.  A.,  right 
atrium;  L.  A.,  left  atrium;  R.  V.,  right  ventricle;  L.  V.,  left  ventricle;  C.  A., 
conus  arteriosus;  i,  right  subclavian  vein;  2,  right  internal  jugular  vein;  3,  right 
innominate  vein;  4,  right  vertebral  arterj-;  5,  right  common  carotid  artery;  6, 
right  subclavian  artery;  7,  innominate  arter\';  8,  left  common  carotid  artery; 
9,  left  vertebral  arter>';  10,  left  thyreocervical  trunk;  11,  left  subcla\ian  arter>'; 
12,  left  internal  jugular  vein;  13,  ductus  arteriosus;  14,  left  subclaxian  vein; 
15,  left  superior  vena  cava;  16,  hemiazj'gos  vein;  17,  descending  portion  of  aortic 
arch;  18,  lower  left  pulmonary  vein;  19,  coronary  sinus.     X  1.4. 

four  small  vessels.  After  passing  along  the  medial  pole  of  the  right 
ovary  and  under  the  right  horn  of  the  uterus  just  medial  to  the 
uterine  attachment  of  the  round  ligament,  it  is  continued  onto  the 
anterior  abdominal  wall.  Here  the  vessel  runs  obliquely  upward  and 
somewhat  medially  to  reach  the  umbilicus  through  which  it  courses. 
The  right  external  iliac  artery  is  the  smaller  of  the  terminal  branches 
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Fig.  2. — Drawing  of  a  dissection  of  the  structures  in  the  posterior  part  of  the 
abdominal  cavity  and  the  lower  thoracic  cavity;  dissected  to  show  the  vascular 
elements  of  these  regions  and  their  relations.  A.,  aorta;  B.,  bladder;  D.,  dia- 
phragm; E.  I.  v.,  external  iliac  vein;  H.  V.,  hemiazygos  vein;  I.  V.  C,  inferior 
vena  cava;  K.,  kidney;  O.,  ovary;  P.  C.  V.,  posterior  cardinal  vein;  R.  U.  A., 
right  umbilical  artery;  Sp.,  suprarenal  gland;  U.,  ureter;  U.  T.,  uterine  tube; 
V.  C,  vertebral  column;  i,  celiac  axis;  2,  superior  mesenteric  artery;  3,  inferior 
mesenteric  artery;  4,  left  sciatic  artery;  5,  right  common  iliac  artery;  6,  right 
external  iliac  artery.     X  i. 
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of  the  common  iliac.  It  passes  forward  and  laterally  along  the 
superior  aperture  of  the  minor  pelvis,  resting  in  the  groove  between 
the  external  iliac  vein  medially  and  the  psoas  muscle  on  its  lateral 
side.  After  its  course  under  the  ovary  and  the  uterine  tube  it 
passes  beneath  the  inguinal  ligament  to  become  the  femoral  artery. 

The  left  terminal  branch  of  the  aorta,  as  pointed  out  above,  is 
considered  to  be  the  left  sciatic  artery  and  presents  quite  different 
relations  from  those  of  the  right  terminal  division.  As  shown  in 
Fig.  2,  the  size  of  this  vessel  is  much  less  than  that  of  the  right  com- 
mon iliac.  It  passes  from  the  point  of  origin  directly  into  the  lower 
part  of  the  true  pelvis.  In  its  course,  besides  giving  origin  to  a 
single  minute  branch  which  arises  just  after  the  sciatic  leaves  the 
aorta  and  which  passes  for  a  short  distance  along  the  anterior  sur- 
face of  the  third  lumbar  vertebra  as  the  midsacral  artery,  three 
left  lumbar  arteries  are  given  off,  as  well.  It  runs  along  the  pos- 
teromedial aspect  of  the  left  posterior  cardinal  vein,  enters  the  pelvis 
medial  to  the  left  hypogastric  vein,  and  passes  to  the  region  of  the 
left  sciatic  foramen.  In  the  region  of  the  sciatic  foramen  a  branch, 
given  off  to  become  the  inferior  gluteal  artery,  accompanies  the  sci- 
atic nerve  through  the  foramen.  The  inferior  gluteal  artery  is 
a  very  small  vessel — the  major  part  of  the  sciatic  trunk  having 
an  entirely  intra-abdominal  course.  From  the  point  at  which  the 
inferior  gluteal  arises,  the  larger  vessel  turns  forward  and,  passing 
between  the  sciatic  nerve  on  its  medial  side  and  the  obturator  nerve 
on  its  lateral  side,  it  turns  upward  along  the  anterior  part  of  the 
left  lateral  wall  of  the  pelvis  to  associate  itself  with  the  termi- 
nal portion  of  the  left  external  iliac  vein.  It  then  turns  sharply 
downward  to  be  continued  into  the  thigh  as  the  femoral  arter>\ 
The  angle  formed  at  the  point  of  origin  of  the  femoral  artery  is  one 
of  approximately  90  degrees.  In  the  thigh  the  left  femoral  trunk 
assumes  its  ordinary  relations,  being  enclosed  in  the  medial  com- 
partment of  the  femoral  sheath. 

The  distal  portions  of  the  left  common  iliac,  the  left  external 
iliac,  and  the  left  umbilical  arteries  are  completely  absent. 

2.  Venous  anomalies,  a.  Persistence  of  the  left  cardinal  system 
with  aplasia  of  the  right  superior  vena  cava. 

The  great  venous  trunks  in  the  region  of  the  heart  present  numer- 
ous anomalies.  The  right  superior  vena  cava  is  entirely  absent. 
The  right  internal  jugular  and  the  right  subclavian  veins  unite  at 
the  sternal  end  of  the  clavicle  to  form  the  right  innominate  vein. 
This  trunk  is  much  longer  than  in  a  normal  specimen  and  presents 
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quite  different  relations.  It  courses  almost  horizontally  across  the 
anterior  aspect  of  the  base  of  the  heart,  passing  in  front  of  the  right 
atrium,  the  conus  arteriosus,  and  the  ascending  portion  of  the  aortic 
arch,  and  receives  the  right  and  left  inferior  thyroid  veins  as  tribu- 
tary branches.  In  the  region  posterior  to  the  left  sternoclavicular 
junction  and  in  front  of  the  medial  margin  of  the  left  atrium  the 
trunk  is  joined  by  a  very  short  vessel  (left  innominate  vein)  formed 
By  the  union  of  the  left  internal  jugular  and  left  subclavian  veins, 
by  the  confluence  of  the  two  innominate  trunks  the  left  superior 
vena  cava  is  formed  and  is  immediately  joined  on  its  posterior  as- 
pect by  the  large  hemiazygos  vein.  The  vessel  thus  formed  passes 
obliquely  downward  lateral  to  the  left  side  of  the  left  atrium  and  in 
front  of  the  lower  left  pulmonary  vein.  It  reaches  the  coronary 
sulcus  through  which  it  runs  as  the  coronary  sinus  and  terminates  by 
opening  into  the  right  atrium  just  to  the  left  of  the  inferior  vena 
cava  orifice.  The  hemiazygos  vein,  which  begins  in  the  region  of 
the  left  kidney,  is  a  relatively  large  trunk  (Fig.  2).  It  forms  anas- 
tomoses with  the:  upper  lumbar  veins,  pierces  the  left  crus  of  the 
diaphragm  and,  in  the  thoracic  cavity,  is  joined  by  the  much  smaller 
azygos  vein  from  the  right  side,  as  well  as  by  the  left  bronchial  veins 
and  a  number  of  left  intercostal  veins.  Its  termination  in  the  left 
superior  vena  cava,  which  was  described  alcove,  is  shown  in  Fig.  i. 

The  inferior  vena  cava,  which  is  present  in  this  specimen  as  a 
relatively  short  trunk,  is  formed  by  the  union  of  the  two  posterior 
cardinal  veins.  The  trunk  thus  formed  courses  cranialwards, 
resting  upon  the  anterior  surface  of  the  vertebral  column,  and 
pierces  the  diaphragm  approximately  in  the  midline.  Its  intra- 
thoracic portion  is  very  short  and  the  vessel  terminates  by  opening 
into  the  lower  extremity  of  the  right  atrium.  This  trunk  receives 
as  its  tributaries  not  only  the  posterior  cardinal  veins  but  also  the 
right  suprarenal  and  the  hepatic  veins. 

The  posterior  cardinal  veins  are  bilaterally  symmetrical  but 
their  relations,  aa  determined  by  the  asymmetry  of  contiguous  struc- 
tures, are  quite  different  on  the  two  sides.  The  right  posterior 
cardinal  in  the  upper  part  of  its  extent  lies  immediately  to  the  right 
of  the  aorta,  while  in  its  lower  portion  the  latter  vessel  crosses  the 
cardinal  and  comes  to  lie  anterior  to  it.  The  left  posterior  cardinal 
vein,  on  the  other  hand,  is  not  immediately  related  to  the  aorta  in 
any  part  of  its  course  except  at  the  point  at  which  it  joins  its  fellow 
of  the  opposite  side.  It  passes  caudalwards  along  the  posterior 
abdominal  wall  and  at  the  level  of  the  fourth  lumbar  vertebra 
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associates  itself  with  the  sciatic  arter>',  lying  lateral  and  slightly 
anterior  to  that  vessel.  The  two  posterior  cardinal  trunks  arise 
in  the  pelvic  region  by  the  union  of  the  hypogastric  and  external 
iliac  veins  of  their  respective  sides.  They  also  receive  as  tributaries 
a  number  of  small  vessels  from  the  posterior  abdominal  wall  and  the 
efferent  branches  from  the  kidnevs. 


in.    EMBRYOLOGICAL  INTERPRETATION   OF   THE   ANOMALIES. 

A  rational  interpretation  of  the  vascular  anomalies  described 
above  can  only  be  adduced  when  their  ontogeny  is  perfectly  under- 
stood, and  our  abihty  to  interpret  them  seems  to  vary  directly 
with  the  completeness  of  our  knowledge  of  the  normal  develop- 
mental processes. 

The  aplasia  of  the  pulmonary  arteries  results  from  some  inter- 
ference with  the  normal  course  of  development  of  the  sixth  pair  of 
aortic  arches.  On  the  right  side  either  the  sixth  arch  totally  failed 
of  development  or  this  structure  may  have  been  lost  at  an  early 
stage.  On  the  left  side,  however,  the  presence  of  the  ductus  arterio- 
sus, joining  the  conus  arteriosus  and  the  aorta,  indicates  that  the 
sixth  arch  on  this  side  must  have  been  formed,  and  the  absence  of 
the  left  pulmonary  artery  seems  to  be  explained  only  be  assvuning 
that  the  definitive  branch  to  the  left  lung  failed  to  develop. 

The  complete  aplasia  of  the  pulmonary  arteries  is  apparently 
an  unusual  anomaly.  For  a  study  of  the  abnormalities  arising  in 
the  development  of  the  aortic  arches  and  the  literature  considering 
such  conditions  the  reader  is  cited  to  the  work  of  Poynter  (191 6). 

The  specimen  described  above  presents  an  instance  in  which  the 
left  sciatic  arter>-  arises  directly  from  the  aorta.  This  condition, 
which  has  been  described  by  Hochstetter  (1890)  in  mammalian 
embryos,  apparently  has  never  been  observed  in  man.  Our  knowl- 
edge regarding  the  ontogeny  of  the  posterior  limb  vessels  in  man  is 
as  yet  very  imperfect  and  any  explanation  of  anomalous  formations 
must  be  based  largely  on  the  few  more  complete  studies  of  compara- 
tive forms.  The  accompanying  diagram  (Fig.  3)  offers  our  inter- 
pretation as  regards  the  development  of  this  unusual  t>-pe  of  vascular 
system  to  the  left  lower  extremity.  The  solid  lines  in  the  diagram 
express  the  conditions  as  they  exist  in  the  specimen  and  the  broken 
lines  indicate  the  condition  of  normal  development  as  it  is  supposed 
to  occur.     It  would  seem  that  the  distal  portion  of  the  common  iliac. 
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the  external  iliac,  and  the  umbilical  arteries  had  dropped  out  at  a 
certain  stage  of  development  and  that,  in  consequence  of  the  oblitera- 
tion of  these  paths,  the  primitive  sciatic  trunk  had  been  retained. 
But  only  the  intra-abdominal  part  of  this  trunk  has  persisted  as 
a  major  vessel,  for,  as  shown  in  the  diagram  and  described  above,  a 
secondary  connection,  by  way  of  a  junctional  vessel,  has  been  es- 
tablished between  the  sciatic  and  the  femoral  arteries.     As  a  result 
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Fig.  3. — Diagram  of  the  arterial  anomalies  of  the  vascular  elements  to  the 
left  lower  extremity.  The  solid  lines  express  the  conditions  as  they  are  found 
in  the  specimen;  the  broken  lines  indicate  the  parts  normally  developed  but 
which  [are  absent  in  this  specimen.  A.,  aorta;  C.  I.  A.,  common  iliac  artery; 
E.  I.  A.,  external  iliac  artery;  F.  A.,  femoral  artery;  I.  G.  A.,  inferior  gluteal 
artery;  J.  V.,  junctional  vessel;  M.  S.  A.,  midsacral  artery;  R.  C.  I.,  right  com- 
mon iliac  artery;  S.  A.,  sciatic  artery;  U.  A.,  umbilical  artery. 

of  this  arrangement,  the  condition  which  at  first  seems  to  be  a  per- 
sistence of  the  most  primitive  circulation  of  the  limb  is,  in  reality, 
only  the  retention  of  the  proximal  portion  of  the  primordial  vascular 
trunk,  and  the  development  of  the  junctional  vessel  so  brings  it 
about  that  the  limb  receives  its  ultimate  major  vascularization 
through  the  femoral  quite  like  the  usual  case.  The  inferior  gluteal 
artery,  which  is  the  final  derivative  of  the  distal  portion  of  the  sci- 
atic  trunk,   exists   in   this  "specimen  as  a  relatively  minor  vessel. 
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The   numerous   venous  anomalies   involving   the   great   vessels 
around  the  heart  create  a  condition  quite  different  from  the  normal. 
Iajc. 


Fig.  4. — A  series  of  diagrams  expressing  the  authors'  interpretations  of  the 
methods  of  development  of  the  multiple  venous  anomalies  described. 

(a)  Diagram  of  the  venous  system  of  a  very  young  embryo. 

(b)  Diagram  of  the  venous  sj'stem  as  it  exists  in  normal  ontogeny  after  the 
definitive  trunks  (structures  in  solid  black.)  have  been  derived  from  the  primitive 
system  shown  in  (a).  The  broken  lines  indicate  the  parts  of  the  primitive  system 
which  are  ordinarily  lost  in  the  developmental  process. 

(f)  Diagram  of  the  venous  system  as  it  exists  in  the  specimen.  The  broken 
lines  indicate  the  parts  of  the  primitive  system  shown  in  (a),  which  have  been 
lost  in  the  developmental  process. 

A.,  anastomotic  communication  between  anterior  cardinals;  A'.,  anastomotic 
communication  between  posterior  cardinals;  \.  C,  anterior  cardinal;  A.  V'., 
azj-gos  vein;  C.  C,  common  cardinal;  C.  S.,  coronar>'  sinus;  D.  V.,  ductus 
venosus;  H.  A.,  hemiazygos  vein;  I.  J.,  internal  jugular;  I.  V.  C.j  inferior  vena 
cava;  L.  I.,  left  innominate;  L.  I.  I.,  left  internal  iliac;  L.  P.  C,  left  posterior 
cardinal;  L.  R.  V.,  left  renal  vein;  P.  I.  V.  C,  primitive  inferior  vena  cava; 
R.  I.  I.,  right  internal  iliac;  R.  I.,  right  innominate;  R.  P.  C,  right  posterior 
cardinal;  R.  R.  V.,  right  renal  vein;  S.,  subclaxian;  S.  C,  subcardinal  veins;  S. 
V.  C,  superior  vena  cava. 

The  anatomical  relations  which  appear  to  be  so  widely  at  variance 
from  the  ordinary  arrangement  can  be  readily  explained  only  on  the 
basis  of  the  ontogenetic  history  of  the  venous  system.     The  accom- 
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panying  diagrams  express  our  interpretation  as  regards  the  mode  of 
development  of  these  conditions.  Fig.  4a  is  a  schematic  representa- 
tion of  the  venous  system  as  it  exists  in  young  embryos.  This 
primitive  system  is  composed  of  the  bilaterally  symmetrical  ante- 
rior and  posterior  cardinal  veins,  which  open  on  either  side  into 
the  sinus  venosus  through  the  medium  of  the  ductus  Cuvieri  (com- 
mon cardinal  veins).  There  is  also  present  at  this  stage  an  anasto- 
motic communication  between  the  anterior  cardinals  at  points  a 
little  cephalad  to  the  heart  as  well  as  the  transitory  subcardinal  ves- 
sels. It  is  by  means  of  the  alterations  occurring  in  this  simply 
constructed  system  that  the  definitive  vessels  are  formed.  These 
well-known  changes,  which  are  diagrammatically  represented  in  Fig. 
46,  need  not  be  recounted  here.  Fig.  4c  shows  schematically  the 
anomalous  arrangement  of  the  vessels  found  in  the  case  under  dis- 
cussion and  its  appearance  contrasts  strikingly  with  the  normal 
condition  shown  in  Fig.  46.  According  to  our  interpretation  the 
anomalous  complex  must  have  passed  through  a  stage  of  development 
which  presented  structural  arrangements  quite  like  those  diagrammed 
in  Fig.  4a.  In  other  words,  the  earliest  development  of  the  venous 
system  in  this  case  appears  to  have  been  normal  and  the  anoma- 
lies seem  to  date  to  that  period  of  ontogeny  in  which  the  trans- 
formations directed  toward  the  derivation  of  the  definitive  trunks 
occur.  As  is  clearly  shown  by  comparison  of  Figs.  46  and  4c,  that 
portion  of  the  right  anterior  cardinal  vein  which  intervenes  between 
the  right  extremity  of  the  anastomotic  branch  and  the  sinus  venosus 
has  been  lost,  thus  explaining  the  absence  of  the  right  superior 
vena  cava.  The  anastomotic  channel  has  persisted  on  the  right  in- 
nominate vein.  The  entire  left  cardinal  system  has  been  retained 
almost  without  change.  The  intermediate  portion  of  that  part 
of  the  left  anterior  cardinal  vein  which  intervenes  between  the  left 
extremity  of  the  anastomotic  branch  and  the  sinus  venosus,  which 
is  ordinarily  lost,  is  retained  as  the  left  superior  vena  cava.  The 
left  superior  vena  cava,  as  pointed  out  in  the  above  description, 
opens  directly  into  the  heart  through  the  coronary  sinus.  The 
cardiac  extremity  of  the  left  posterior  cardinal  has  persisted  so  that 
the  hemiazygos  vein  joins  the  left  superior  vena  cava  just  before 
that  trunk  opens  into  the  coronary  sinus. 

McCotter  (1916)  has  assembled  the  recorded  cases  of  similar 
venous  anomalies  and  the  reader  is  cited  to  his  paper  for  a  literary  re- 
view of  the  subject. 
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The  interpretation  of  the  anomalies  related  to  the  ontogeny  of 
the  inferior  vena  cava  is  shown  graphically  in  Fig.  4.  In  tracing 
this  trunk,  caudally  from  the  heart  it  appears  that  the  cranial  por- 
tion, which  is  formed  in  conjunction  with  the  hepatic  circulation  of 
the  embryo,  has  developed  in  the  usual  way.  That  portion  of  the 
inferior  vena  cava  derived  from  the  right  subcardial  and  right 
posterior  cardinal  veins  also  shows  nothing  exceptional.  On  the 
left  side,  however,  the  caudal  part  of  the  posterior  cardinal,  which 
ordinarily  undergoes  complete  degeneration,  has  persisted  and  is 
joined  to  its  fellow  of  the  oppositf  side  by  the  persistent  anastomotic 
channel  located  between  the  subcardinal  and  posterior  cardinal 
systems.  The  anastomotic  vessel  between  the  caudal  extremities 
of  the  postcardinals,  which  ordinarily  forms  the  proximal  part  of 
the  left  common  iliac  veins,  either  never  dev  eloped  or  has  been  lost 
without  trace. 
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A  typical  attack  of  influenza  usually  begins  as  a 
rhinitis  and  spreads  from  the  nasal  mucosa  throughout 
the  respiratory  tract.  As  the  chief  symptoms  are  pro- 
duced by  the  involvement  of  the  bronchial  tree,  atten- 
tion is  naturally  directed  to  the  lungs  and  bronchi  as 
the  most  important  foci  for  the  infection.  However, 
in  studying  acute  cases  one  is  often  impressed  by  the 
fact  that  the  severity  of  the  disease,  best  evidenced  by 
the  general  prostration  of  the  patient,  is  out  of  all  pro- 
portion to  the  physical  signs.  Tracheobronchitis  with 
abundant  mucopurulent  sputum,  a  particularly  distress- 
ing and  often  spasmodic  cough,  and  moist  rales  uni- 
formly present  in  both  lungs,  almost  exhaust  the  posi- 
tive findings  for  the  respiratory  tract.  It  becomes 
diflFicult  to  understand  why  a  vigorous,  previously 
healthy  yovmg  adult,  should  succumb  to  an  infection 
which  in  many  cases  appears  to  be  almost  wholly  con- 
fined to  the  tracheobronchial  mucosae.  It  might  even 
be  questioned  whether  such  an  individual  should  die 
from  a  primary  bronchitis  and  bronchopneumonia.  In 
the  opinion  of  niany  clinicians  and  pathologists,  such  a 
combination  is  rather  rare. 

Because  of  these  considerations  and  because  of  a 
series  of  observations  made  on  soldiers  of  the  Amer- 
ican Expeditionary  Forces,  it  has  seemed  desirable  to 
suggest  that  in  addition  to  the  infection  of  the  respira- 
tory tract  per  se,  other  lesions,  almost  uniformly  neg- 
lected by  writers  on  the  subject  and  rarely  noted  by 
clinicians  or  pathologists,  may  prove  to  be  very  seri- 

*  From  the  Central  Medical  Department  Laboratory,  A.  E.  F. 


ously  important  factors  both  in  the  clinical  picture  and 
in  the  often  fatal  outcome  of  the  disease. 

My  attention  was  first  directed  to  the  serious  nature 
of  so-called  "influenzal  purulent  bronchitis,"  by  a  visit 
in  October,  1917,  to  the  base  hospital  zone  of  the 
British  Expeditionary  Forces  in  France,  at  which  time 
Captain  Rolland  of  the  Royal  Army  Medical  Corps 
mentioned  his  observations  in  a  series  of  cases  of  this 
disease,  which  had  occurred  in  epidemic  proportions 
and  which  was  highly  fatal.  The  influenza  bacillus 
seemed  without  doubt  to  be  the  causal  agent,  though 
pneumococci  and  streptococci  were  often  also  isolated. 

On  the  advent  of  cold,  wet  weather  in  the  American 
Army  zone,  severe  attacks  of  bronchitis  assumed 
almost  the  nature  of  an  epidemic  and  showed  a  rather 
high  percentage  of  fatal  cases.  On  examination  of 
these  cases  postmortem,  one  was  at  once  struck  by 
the  pathologic  syndrome  presented,  which  strongly  sug- 
gested infection  by  B.  influenzae.  This  suspicion  was 
subsequently  confirmed  by  bacteriologic  examination.^ 

It  is  not  my  purpose  at  this  time  to  discuss  either 
the  general  pathologic  or  bacteriologic  characters  of 
this  series  of  cases.  It  is  the  involvement  of  the 
sinuses  at  the  base  of  the  skull  that  deserves  especial 
consideration,  and  because  of  the  importance  of  this 
complication,  as  well  as  its  apparent  frequency  and 
the  relatively  small  amount  of  attention  devoted  to 
the  subject  in  medical  literature,  this  separate  com- 
munication is  considered  justifiable. 

Infection  of  the  accessory  sinuses  of  the  nose  and 
skull  have  often  been  noted.  As  early  as  1837,  Petre- 
quin-  stated  that  frontal  sinus  involvement  produced 
the  headache  so  often  present  in  the  disease.  Brochin.^ 
in  1884,  distinguished  the  "cephalic"  form  of  influenza 
by  localizations  in  the  nasal  fossae,  and  the  frontal  and 
maxillary  sinuses.  Pfeiffer,*  however,  in  his  classic 
descriptions  of  the  etiology  and  pathology  of  influenza, 
does  not  mention  the  sinuses.   In  the  same  year  { 1892) , 

1.  I'or  the  larger  part  of  the  bacteriologic  results  in  these  cases,  I 
am  indebted  to  the  careful,  thorough  work  of  Lieut.  J.  G.  Hopkins, 
M.  R.  C.  His  painstaking  labors,  carried  out  under  the  most  trying 
conditions,  deserve  more  than   passing  mention. 

2.  Petrequin:  Gaz.  med.  de  Paris,  cited  by  Brochin   (Note  2). 

3.  Brochin:  La  grippe,  Dictionnaire  encyclopedique  des  sciences  nied- 
icales,    1884. 

4.  Pfeiflfer:  Vorlaufige  Mitteilungen  iiber  den  Erreger  der  Influenza, 
Deutsch.  med.  Wchnschr..  1892,  No.  2,  p.  28;  Die  Aetiologie  der  Influ- 
enza,  Ztschr.    f.    Hyg.    u.    Infectionskr.,    1892,    13. 


Weichselbaum^  published  the  necropsy  findings  of  a 
series  of  cases,  in  six  of  which  he  found  inflammatory 
lesions  in  either  the  ethmoids  or  the  antrum.  In  two 
of  these  cases  the  influenza  bacillus  was  recovered 
from  the  exudate.  Bull*'  has  also  described  sinus 
involvement  as  a  part  of  the  sequelae  of  influenza. 
Wassermann,'  in  a  fairly  complete  study  of  clinical 
cases  and  necropsy  material,  while  confirming 
Pfeiflfer's  results,  evidently  did  not  encounter  or 
missed  the  significance  of  any  sinus  complications.  In 
a  review  of  the  entire  subject  of  influenza,  Schrotter^ 
also  fails  to  note  the  relation  of  the  sinuses  to  pulmo- 
nar}'  types  of  the  disease. 

In  the  more  recent  literature  there  are  occasional 
references  to  sinus  influenza,  notably  by  Kyle®  and 
Coates;^^  but  Hiibschmann,^^  in  a  study  of  110  cases, 
and  Hammond,  Rolland  and  Shore,^^  in  an  article 
based  on  seventy-one  necropsies  on  patients  showing 
purulent  bronchitis,  do  not  discuss  at  all  the  question 
of  the  sinuses.  In  short,  sinus  disease  in  epidemics  of 
influenza  is  either  totally  disregarded  or  described  as 
an  accidental  complication  or  sequela  of  the  infection 
of  the  pulmonary  tract. 

When,  therefore^  our  first  fatal  case  of  influenzal 
tracheobronchitis  and  bronchopneumonia  showed,  at 
postmortem  examination,  an  empyema  of  both  sphe- 
noid cavities,  and  the  pus  from  these  revealed  by  both 
smears  and  cultures  typical  influenza  bacilli,  the  con- 
dition was  regarded  as  an  interesting  but  unusual  com- 
plication. However,  as  case  after  case  coming  to 
necropsy  showed  similar  or  comparable  lesions,  the  cir- 
cumstances warranted  more  careful  and  detailed  study. 

The  conditions  found  may  best  be  summarized  from 
the  abridged  notes  of  the  necropsy  examinations. 

5.  W'eichselbaum :  Beitrag  zur  Aetiologie  und  pathologische  Auatomie 
der  Influenza,  Wien.  klin.  Wchnschr.,   1892,  p.  459. 

6.  Bull:  Multiple  Sinus  Disease  P'oUowing  Influenza,  Med.  Rec,  New- 
York,   1899,   36,   336. 

7.  Wassermann:  Einige  Beitrage  zur  Pathologic  der  Influenza, 
Deutsch.  med.  Wchnschr.,  1900,  No.  28. 

8.  Schrotter:   In  Kolle  and  W'assermann's  Hand   Book. 

9.  Kyle:  Epidemic  Nasal  Sinus  Disease,  Jour.  Laryngol.,  Rhinol.  and 
Otol.,  1917,  30,  366. 

10.  Coates:    Etiology    and    Diagnosis    of    Diseases    of    the    Accessory 
Sinuses  Following  Influenza. 

11.  Hiibschmann:  Ueber  Influenza,  Miinchen.  med.  Wchnschr.,  1915, 
62,  1073. 

12.  Hammond,  Rolland  and  Shore:  Purulent  Bronchitis,  Lancet,  Lon- 
don, 1917,  2,  41. 


Cask  1. — J.  D.,  aged  22.     Duration  of  illness,  sixteen  clays. 

Lungs :  Typical  purulent  tracheobronchitis  and  broncho- 
pneumonia. 

Sinuses :  Sphenoidal  sinus  completely  filled  with  a  thick 
mucopurulent  exudate  under  some  pressure.  Mucosae 
markedly  swollen  and  deeply  congested.  Posterior  ethmoids 
contained  small  amount  of  thin,  yellowish  fluid.  Anterior 
ethmoids  and   frontals   free. 

Bacteria :  Influenza  bacilli  recovered  from  sphenoidal  sinus, 
lung  and  liver.  Occasional  gram-positive  cocci  in  pairs  and 
short  chains  also  present. 

Case  2. — C.  M.,  aged  23.  Duration  of  illness,  twenty-three 
days. 

Lungs :  Typical  purulent  tracheobronchitis  and  broncho- 
pneumonia. 

Sinuses :  Left  sphenoid  filled  by  thick  mucopurulent  exudate 
under  pressure.  Both  posterior  ethmoids  contained  moderate 
amounts  of  pus.  Mucosae  swollen  and  reddened.  Other 
sinuses  free. 

Bacteria :  Cultures  revealed  B.  influenzae  in  ethmoid,  lung, 
bronchi  and  liver.  Streptococcus  also  found  in  bronchus  but 
not  in  ethmoid. 

Case  3. — M.  C,  aged  27.  Duration  of  illness,  twenty-six 
days. 

Lungs :  Purulent  tracheobronchitis  and  bronchopneumonia. 
Mucosae  swollen.  ^ 

Sinuses :  Both  sphenoids  and  posterior  ethmoids  full  of 
thick,  mucopurulent  exudate.  Mucosae  swollen.  Anterior 
ethmoids  and  frontals  apparently  clear. 

Bacteria  :  B.  influcncae  recovered  in  pure  culture  from  the 
sphenoidal  pus  and  the  lung,  and  in  mixed  culture  from 
bronchi,  spleen,  liver  and  bronchial  lymph  nodes. 

Case  4. — L.  S.,  aged  23.  Duration  of  illness,  thirty-two 
days. 

Lungs :  Purulent  tracheobronchitis  and  bronchopneumonia 
with  hbrinopurulent  pleuritis. 

Sinuses :  Sphenoidal,  posterior  ethmoidal  and  frontal 
sinuses  filled  with  thick  mucopurulent  exudate.  Mucosae 
swollen  and  reddened.  Anterior  ethmoids  free  but  mucosae 
swollen. 

Bacteria  :  Influenza  bacilli  from  frontal,  spheroid,  bronchus, 
lung  and  liver  Pneumococci  also  in  sphenoid  and  lung.  From 
bronchus,  practically  pure  culture. 

Case  5, — M.  H.,  aged  24.  Duration  of  illness,  twenty-nine 
days. 

Lungs :  Purulent  tracheobronchitis,  bronchopneumonia  and 
hbrinopurulent  pleuritis. 

Sinuses:  Mucosae  of  sphenoidal,  ethmoidal  and  frontal 
sinuses    swollen    and    reddened.      In    left    sphenoid    and    both 


frontals  were  a  few  drops  of  mucopurulent  exudate.    Other 
surfaces  were  bathed  by  a  mucoid  fluid. 

Bacteria :  B.  influenzae  recovered  from  sphenoid,  ethmoid, 
lung,  bronchus  and  liver.     Streptococci  also  found  in  sinuses. 

Case  6. — A.  C,  aged  22.  Duration  of  illness,  twenty-nine 
days. 

Lungs :  Purulent  tracheobronchitis,  bronchopneumonia  and 
fibrinopurulent  pleuritis. 

Sinuses :  Sphenoids  contained  a  few  drops  of  thin  muco- 
purulent exudate.  Other  sinuses  free.  Middle  ears  and 
mastoids  on  both  sides  showed  thick  pus. 

Bacteria:  Influenza  bacilli  obtained  from  sphenoid,  middle 
ear.  lurgs  and  bronchi. 

C.xsE  7. — \V.  H..  aged  22.  Duration  of  illness,  twenty-three 
days. 

Lungs :  Purulent  tracheobronchitis  with  bronchopneumonia 
and  fibrinous  pleuritis. 

Sinuses :  Sphenoids,  posterior  ethmoids  and  right  frontal 
contained  abundant  mucopurulent  exudate,  and  mucosae  were 
markedly  swollen  and  congested.  Middle  ears  on  both  sides 
showed  similar  condition. 

Bacteria:  B.  influenzae  found  in  sphenoid  (associated  with 
streptococci  and  pneumococci),  bronchus,  pleura  and  middle 
ears. 

The>e  cases  have  certain  features  in  common  which 
distinguish  them  on  the  clinical  and  the  pathologic 
side.  A  purulent  tracheobronchitis  with  patches  of 
bronchopneumonia  definitely  identifies  them  as  belong- 
ing to  the  "pulmonary  type"  of  influenzal  lesion. 
However,  in  each  instance  either  one  or  several  or  all 
the  sinuses  were  involved  in  what  was  usually  a  rela- 
tively severe  inflammatory  process.  It  should  be 
further  noted  that  the  cases  all  occurred  in  young 
men.  the  ages  ranging  from  22  to  27  and  averaging  23. 
As  is  usual  with  influenza,  the  duration  was  compara- 
tively long,  averaging  over  three  weeks  (twenty- four 
days),  and  ranging  from  sixteen  to  thirty-two  days. 

In  view  of  the  foregoing  facts,  especially  the  long 
duration,  the  question  now  arises  as  to  whether,  after 
all,  these  sinus  infections  are  not  merely  sequelae  or 
unimportant  complications  of  the  principal  lesion, 
which,  it  may  be  contended  with  much  reason,  is 
located  in  the  pulmonary  system.  In  the  course  of  our 
necropsy  experiences,  considerable  evidence  accumu- 
lated having  some  bearing  on  this  point. 

The  following  cases  illustrate  the  presence  of  the 
syndrome  described  above,  but  with  the  added  differ- 


ence  that  death  was  in  all  probability  due  to  other  and 
seemingly  independent  conditions : 

Case  8; — R.  B.,  aged  18.  Duration  of  illness,  eighteen  days. 
Death  due  to  acute  general  miliary  tuberculosis  particularly 
involving  lungs,  spleen,  liver  and  brain,  and  arising  from  an 
older  tuberculous  lesion  in  a  seminal  vesicle. 

Lungs :  Acute  purulent  tracheobronchitis. 

Sinuses :  Sphenoids,  especially  the  left,  filled  with  thick, 
yellowish  exudate,  and  lined  by  swollen  reddened  mucosae. 
Mucosae  of  ethmoids  and  frontals  thickened  and  moist,  but 
free  from  pus. 

Bacteria :  Influenza  bacilli  from  sphenoids  and  bronchi. 

Case  9.— J.  M.,  aged  24.  Duration  of  illness,  three  days. 
Death  due  to  epidemic  cerebrospinal  meningitis. 

Lungs :  Purulent  tracheobronchitis,  with  bronchopneumonia 
and  seropurulent  pleuritis. 

Sinuses :  Mucosa  of  sphenoid  swollen,  but  all  sinuses  free 
from  demonstrable  pus. 

Bacteria :  B.  influenzae  obtained  in  culture  from  sphenoid, 
lung  and  bronchus. 

Case  10. — G.  T.,  aged  27.  Duration  of  illness,  thirty-nine 
days.  Death  due  to  scarlet  fever.  Complicating  measles  with 
terminal  seropurulent  peritonitis  and  pericarditis. 

Lungs:  Acute  tracheobronchitis  (not  purulent),  with  acute 
serofibrinopurulent  pleuritis. 

Sinuses :  Sphenoids,  ethmoids  and  frontals  contained  con- 
siderable mucopurulent  exudate,  and  mucosae  were  swollen. 
Middle  ears  both  showed  thick  pus. 

Bacteria :  From  the  sinuses  and  middle  ears,  B.  influenzae 
was  obtained  in  cultures  and  smears.  All  the  other  lesions 
yielded   hemolytic   streptococci. 

Case  11. — F.  P.,  aged  19.  Duration  of  illness,  fifty-three 
days.    Death  due  to  double  empyema  (pneumococcic). 

Lungs :  Mucopurulent  tracheobronchitis. 

Sinuses :  Sphenoids  filled  with  a  mucopurulent  exudate. 
Mucosae  swollen  but  pale.  Ethmoids  and  frontals  contained 
a  small  amount  of  mucoid  fluid. 

Bacteria :  Influenza  bacilli  obtained  in  mixed  culture  from 
sphenoid.     No  culture  taken  of  the  bronchus. 

Case  12. — F.  B.,  aged  22.  Duration  of  illness,  eleven  days. 
Death  due  to  empyema  and  pericarditis  complicated  by  pul- 
monary abscesses   (all  streptococcic). 

Lungs:  Purulent  tracheobronchitis  (pneumococcus.  Type 
III). 

Sinuses :  Sphenoids  showed  swollen  gelatinous  mucosae,  and 
contained  a  thin  mucopurulent  fluid.  Remaining  sinuses 
appeared  normal. 

Bacteria :  Influenza  bacilli  obtained  by  culture  from 
sphenoid. 


Case  13. — H.  P.,  aged  18.  Duration  of  illness,  thirty-five 
days.    Death  due  to  double  empyema  (pneumococcic). 

Lungs:  Acute  purulent  bronchitis  (no  culture  made). 

Sinuses:  Sphenoid  sinus  filled  (under  pressure)  with  thick 
mucopurulent  exudate.  Mucosae  swollen  but  pale.  Remain- 
ing sinuses  free. 

Bacteria :  From  sphenoid.  B.  influenzae  obtained  by  culture 
and  smears. 

As  has  been  indicated,  in  these  six  cases,  death  was 
in  all  probability  due  to  some  other  than  an  influenzal 
infection.  What  the  interrelation  was  between  the 
various  infecting  organisms  furnishes  an  interesting 
speculation.  That  which  concerns  us  at  this  time  is 
the  presence  in  all  these  cases  of  pathologic  conditions 
in  the  sinuses  in  which  the  exudate  harbored  influenza 
bacilli  that  it  is  fair  to  presume  were  pathogenic.  It 
must  also  be  admitted  that  in  some  of  the  cases  influ- 
enza organisms  were  possibly  responsible  for  the  con- 
ditions found  in  the  bronchi  and  trachea ;  but  certainly 
in  these  regions  the  pathologic  processes  were  no 
further  advanced  than  in  the  sinuses.  It  would  not 
appear,  at  least,  that  the  sinuses  were  necessarily  sec- 
ondarily or  terminally  invaded  as  compared  with  infec- 
tion of  the  bronchial  tree. 

Further  evidence  is  produced  by  two  other  cases 
in  which  sudden  death  was  due  to  accidental  causes : 

Case  14. — A.  S.,  aged  22.  Duration  of  life  after  accident, 
40  minutes.  Death  due  to  bullet  wound  through  chest,  involv- 
ing heart  and  lungs. 

Lungs :  Bronchi  apparently  normal. 

Sinuses :  Mucosae  of  sphenoids  swollen ;  cavities  contained 
mucoserous  exudate. 

Bacteria :  B.  influenzae  isolated  from  sphenoid  in  pure  cul- 
ture. 

Case  15. — J.  H..  aged  30.  Duration  of  life  after  accident, 
sixteen  hours.  Death  due  to  fracture  of  skull  and  hemorrhage 
of  brain. 

Lungs :  Bronchi  apparently  normal. 

Sinuses :  Left  posterior  ethmoid  showed  a  few  drops  of 
thick  mucopurulent  exudate.  Mucosae  swollen  and  reddened. 
Other  sinuses  apparently  free. 

Bacteria :  B.  influenzae  isolated  in  pure  culture  icom  this  pus. 

In  both  of  these  cases,  with  no  macroscopic  evidence 
of  bronchial  or  tracheal  involvement,  definite  inflam- 
matory conditions  associated  with  pure  cultures  of  the 
influenza  bacillus  were  found  in  the  sinuses.  Here,  at 
least,  the  infection  would  appear  to  have  been  present 
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in  the  sinuses  before  it  became  of  any  importance  in 
the  pulmonary  tract.  It  might  then  have  been  a  poten- 
tial nidus  for  the  future  development  of  lung  compli- 
cations. Even  granting  that  the  sinus  conditions  were 
sequelae  of  a  previous  bronchitis  from  which  the 
patients  had  recovered,  the  menace  for  recurrences 
and  extensions  would  probably  remain  the  same. 
After  all,  the  question  of  whether  the  lungs  or  the 
sinuses  were  first  affected  is  relatively  immaterial  com- 
pared to  the  importance  of  the  facts  themselves, 
namely,  that  the  sinuses  may  be  seriously  involved  in 
cases  of  influenzal  bronchitis,  and  also  that  this  infec- 
tion of  the  sinuses  may  exist  independently  of  any  lung 
disease  either  as  a  consequence  or  a  cause. 

COMMENT 

It  would,  of  course,  be  unreasonable  to  assert  that 
all  cases  of  influenza  are  accompanied  by  sinus  com- 
plications. While  it  is  true  that  in  only  one  of  oiu" 
cases  of  influenzal  purulent  tracheobronchitis  coming 
to  postmortem  did  we  fail  to  find  sinus  disease  also 
present,  it  is  unfortunate  that  both  in  this  case  as  well 
as  in  the  others  of  the  series  the  antrum  of  Highmore 
was  not  also  investigated.  However,  the  number  of 
cases  is  altogether  too  small  to  justify  any  sweeping 
conclusions.  They  do  serve  most  emphatically  to 
emphasize  the  importance  of  the  sinuses  in  the  respira- 
tory type  of  influenza. 

This  importance  is  interesting  from  two  standpoints. 
First,  from  the  standpoint  of  a  local  focus  of  infec- 
tion, which  not  only  constantly  menaces  the  pulmonary 
system,  only  awaiting  suitable  conditions  of  exposure 
and  lowered  r.esistance  for  hostile  invasion,  but  also 
furnishes  continued  sources  of  toxic  absorption,  not  to 
mention  the  direct  effect  on  the  well  being  of  the 
patient  from  the  presence  of  these  local  conditions. 
Second,  and  more  important,  is  the  bearing  that  these 
local  infections  have  on  prophylaxis  and  treatment. 
When  their  attention  had  been  called  to  the  possible 
constant  pf?sence  of  sinus  disease  in  patients  suffering 
from  influenzal  bronchitis,  the  attending  physicians 
adopted  local  measures  of  treatment  for  these  con- 
ditions, even  when  their  presence  could  not  be  diag- 
nosed with  any  degree  of  certainty.  Local  applica- 
tions to  the  nasal  passages  of  cocain  and  epinephrin 


solutions  often  resulted  in  copious  discharges  of  thick, 
mucopurulent  exudate  from  the  sinuses,  with  marked 
relief  to  the  patient,  such  as  amelioration  of  headache 
and  pain  in  the  eyes,  as  well  as  definite  betterment  of 
the  conditions  in  the  bronchi  and  trachea. 

While  the  general  proposition  that  young,  otherwise 
healthy  adults  do  not  die  from  uncomplicated  primary 
bronchitis  or  bronchopneumonia  is  by  no  means  with- 
out exceptions,  nevertheless,  it  is  always  extremely 
desirable  in  such  cases  to  search  most  carefully  for 
foci  of  infection  other  than  the  respiratory  tract  per 
se.  The  middle  ears,  serous  membranes  and  even  the 
blood  stream  may  harbor  the  offending  organisms,  but 
in  cases  of  influenza  and  possibly  other  respiratory 
diseases, ^■''  the  sinuses  of  the  skull  should  always  be 
investigated  and  their  freedom  froiu  involvement 
assured  before  other  than  general  therapeutic  mea- 
sures of  relief  are  abandoned. 

Inevitably  in  these  days,  the  question  of  carriers  is 
linked  up  with  that  of  actual  cases,  and  perhaps  too 
little  consideration  has  been  given  to  sinus  disease  as 
furnishing  chronic  foci  for  the  spread  of  epidemics. 

The  entire  subject  deserves  further  investigation, 
and  whether  or  not  my  conclusions  are  found  to  be 
justified,  in  the  study  of  larger  groups  of  cases  and  by 
other  workers,  is  a  matter  of  minor  importance.  Tf 
more  careful  attention  is  directed  toward  what  at  times 
is  an  important  feature  of  epidemic  influenza,  namely, 
sinus  involvement,  this  communication  will  have  fully 
accomplished  its  purpose. 

SUMMARY 

1.  Epidemics  of  respiratory  influenza  (purulent 
tracheobronchitis)  have  been  fairly  severe  in  both  the 
American  and  the  British  Expeditionary  Forces. 

2.  In  the  investigation  of  cases,  both  clinically  and 
at  postmortem,  little  attention  in  the  past  has  been 
given  to  the  question  of  accompanying  sinus  disease. 

3.  Of  eight  fatal  cases  of  purulent  tracheobronchitis 
due  to  the  influenza  bacillus,  all  but  one  showed 
involvement  of  one  or  more  of  the  sinuses  at  the  base 

13.  As,  for  example,  whooping  cough,  which  is  very  closely  related  to 
influenza  both  in  the  characters  of  the  causative  organisms,  as  well  as 
many  of  the  clinical  features  of  the  disease.  The  spasmodic  cough  of 
some  influenza  patients  is  often  difficult  to  distinguish  from  the  "whoop" 
caused  by  the  Bordet-Gengou  bacillus. 
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of  the  skull  by  inflammatory  processes,  probably,  in  all 
cases,  directly  due  to  the  invasion  of  these  sinuses  by 
the  influenza  bacillus. 

4.  In  six  patients  that  died  from  some  other  appar- 
ently independent  infection,  the  sinuses  showed  influ- 
enzal inflammations. 

5.  Of  two  patients  dying  from  accidentally  received 
injuries,  both  harbored  in  their  sinuses  lesions  giving 
pure  cultures  of  5.  influenzae. 

6.  Appropriate  treatment  of  the  sinuses  in  patients 
suffering  from  influenza  often  served  to  relieve  the 
symptoms  and  apparently  to  hasten  convalescence. 

7.  Investigation  of  the  sinuses  during  epidemics  of 
influenza  is  strongly  recommended  and  urged  not  only 
on  therapeutic  but  also  on  prophylactic  grounds. 


Extracted  from  the  American  Journal  of  the  Medical  S'^ 
July,  1919,  No.  1,  vol.  cU-iii,  p.  95. 
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SiN'CE  earliest  times  the  traumatism  undergone  by  an  infant 
during  the  process  of  birth  has  been  recognized  and  deplored.  This 
is,  of  course,  especially  marked  in  long  or  difficult  labors,  and  we  have 
become  only  too  familiar  ^ith  the  severe  injuries  which  may  result 
from  this  cause.  The  most  common  of  these  has  been  naturally 
head  injur\',  associated  with  hemorrhages  which  often  have  been 
considered  as  a  cause  of  stillbirth  or  death  during  the  first  few  days 
of  life.  But,  although  recognized  as  a  theory,  on  rcA^evving  the 
literature  one  finds  very  few  statistics  founded  upon  detailed 
autopsy  reports  in  cases  of  cerebral  hemorrhage  of  the  newborn. 
Although  a  subject  of  vital  interest  and  fundamental  importance 
to  the  obstetrician,  pediatrician  and  pathologist  it  seems  to  belong 
to  none  and  to  be  neglected  by  all. 

Little,  in  1861,  was  the  first  to  emphasize  birth  injuries,  and  their 
results  in  later  life,  as  shown  by  the  development  of  impaired 
mentality  or  the  palsies  or  contractures  in  older  childhood.  But  as 
at  that  time  the  effects  of  pressure  on  the  cortex  was  but  imperfectly 
understood,  it  was  left  to  Sarah  McXutt,  in  1885,  to  establish  the 
relationship  between  cerebral  hemorrhage  at  birth  and  Little's 
disease  of  later  life.  This  was  done  by  autopsy  reports  on  10  care- 
fully studied  cases.  Of  these  10,  7  were  vertex  and  3  breech  pre- 
sentations, showing  that  prolonged  pressure  on  the  head  is  not  always 
responsible  for  the  condition.  Of  the  7  vertex  presentations  5 
showed  hemorrhage  over  the  cerebrum  and  2  below  the  tentorium. 
The  hemorrhage  in  the  breech  presentations  was  over  the  cerebrum 
in  all  3. 

Of  the  occurrence  of  cerebral  hemorrhage  as  compared  with  other 
causes  of  death  in  infants  only  meager  information  is  found  Holt 
says  that  one-third  of  all  deaths  during  or  as  the  result  of  parturition 
are  due  to  hemorrhage,  but  gives  no  exact  numbers  based  on  autopsy 
findings.     Gushing  found  that  in   studying  stillborn  infants  for 
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another  purpose,  many  showed  cerebral  hemorrhage.  From  the 
Pathological  Institute  of  Kiel,  Weyhe  reported  that  in  959  autopsies 
on  infants  122,  or  12  per  cent.,  showed  intracranial  hemorrhage. 
In  80  of  these  cases  the  hemorrhage  was  subdural,  in  56  subarach- 
noidal, in  35  intracerebral  and  in  21  intraventricular.  Of  these  122 
cases  23  showed  evidence  of  congenital  syphilis.  Dohle  found  hemor- 
rhages occurring  in  13.7  per  cent,  of  his  series.  Beneke  observed  in 
100  autopsies  on  the  newborn  laceration  of  the  tentorium  resulting 
in  hemorrhage  in  14  cases.  Osier  quotes  Litzmann  as  finding  35 
cases  of  hemorrhage  in  161  autopsies,  Parrot  as  noticing  bleeding  in 
the  subdural  space  26  times  in  34  autopsies  of  the  newborn  and 
Spencer  finding  in  130  postmortem  examinations  on  stillborn  infants 
53  cases  with  hemorrhage  under  the  pia-arachnoid.  Sachs  in 
autopsies  on  78  cases  of  infantile  hemiplegias  noticed  hemorrhage  in 
23.  Couvelaire  saw  intracranial  bleeding  in  18  per  cent,  of  autopsies 
on  prematures  born  with  easy  and  spontaneous  labors.  Archibald 
reports  in  74  postmortem  examinations  that  intermeningeal  hemor- 
rhage occurred  in  32,  and  this  hemorrhage  was  extensive  in  19  and 
extradural  in  5. 

Isolated  cases  confirmed  at  the  autopsy  table  are  quite  numerous 
in  the  recent  literature,  especially  since  Cushing's  article  describing 
operative  procedure  for  the  relief  of  the  condition.  Green  describes 
1  with  blood  over  both  hemispheres,  and  at  the  base  along  the  crura 
and  pons,  1  other  with  clots  over  the  right  hemispheres  and  2  more 
with  bleeding  over  the  cerebrum  accompanied  by  hemorrhages  in 
other  organs.  Eastman  reports  1  case  with  bleeding  in  both  ven- 
tricles. Torbert  had  2  cases,  both  with  hemorrhage  over  the 
cerebrum.  Simmons  saw  2  cases  with  the  same  distribution.  Others 
are  given  by  Gushing  and  Meara  and  Taylor. 

Every  pathologist  familiar  with  autopsies  on  the  newborn  has 
noticed,  even  without  massive  bleeding  in  any  organ,  numerous 
small  punctate  hemorrhages  occurring  especially  over  the  epicardium 
and  the  parietal  pleura.  Paul  finds  these  same  hemorrhages  in  the 
retinae  of  the  newborn  during  life.  In  200  examinations  he  noted 
hemorrhage  in  the  retina  in  20  per  cent,  of  children  born  with  a 
normal  labor,  50  per  cent,  of  prematures  and  40  per  cent,  of  those 
from  complicated  and  prolonged  labors.  In  view  of  these  findings 
the  assumption  is  justifiable  that  young  infants'  bloodvessels  are 
particularly  delicate  and  susceptible  to  rupture  from  injury. 

As  to  the  etiology  of  these  hemorrhages  one  finds  as  many  theories 
suggested  and  advanced  as  there  are  authors.  All  agree,  however, 
that  the  condition  is  as  frequent  in  cases  of  normal  or  precipitate 
delivery  as  in  difficult  labors.  It  has  also  been  shown  that  hemor- 
rhage may  occur  even  before  birth.  Gibb  reports  a  child  born  with 
contractures  of  one  arm  and  leg  and  an  old  blood  clot  above  the 
lateral  ventricle,  while  the  mother  gave  a  history  of  trauma.  Osier 
found  in  an  autopsy  on  a  woman  dying  of  tj-phoid  in  the  seventh 


WARWICK:   CEREBRAL  HEMORRHAGE  OF  THE  NEWBORN  3 

month  of  pregnancy  a  fetus  containing  a  large  hemorrhage  in  the 
brain.  Seitz  quotes  another  case  in  which  a  macerated  fetus 
delivered  spontaneously  had  a  hematoma  the  size  of  a  walnut  in 
the  brain  hemisphere. 

Kreyberg  thinks  that  a  long  time  elapsing  between  the  birth  of 
the  head  and  shoulders  is  an  etiological  factor,  while  La  I^etra  states 
that  hemorrhage  frequently  follows  asphyxia  caused  by  the  cord 
being  twined  about  the  neck.  Benthin  suggests  that  it  may  be 
caused  by  too  great  pressure  on  the  perineum.  Beneke  points  out 
that  during  severe  labor  pains  the  pressure  is  often  on  the  sides  of 
the  head,  increasing  its  long  axis,  pressing  the  brain  forcibly  against 
the  tentorium  and  causing  tearing  of  its  radiating  fibers.  He  further 
explains  that  this  tear  may  be  of  the  anterior,  posterior  or  middle 
layer,  and  therefore  may  cause  bleeding  over  either  the  cerebrum  or 
cerebellum.  But  Seitz,  after  a  careful  study  in  which  he  cut  serial 
sections  of  the  head  and  its  contained  brain,  concluded  that  although 
one-half  of  his  cases  confirmed  Beneke's  theory  the  other  one-half 
excluded  tentorium  injuries  as  a  cause  and  pointed  instead  to 
injuries  of  the  vessels  over  the  brain.  He  therefore  groups  all  of 
these  cerebral  hemorrhages  into  three  divisions:  (1)  hemorrhage 
over  the  cerebrum  (one  or  both  hemispheres)  from  injury  to  the 
longitudinal  sinus  or  the  vessels  emptying  into  it;  (2)  hemorrhage 
under  the  tentorium  around  the  cerebellum,  due  to  injuries  to  the 
transverse  sinus  or  tributary  vessels;  (3)  hemorrhage  into  the 
lateral  or  fourth  ventricles,  due  to  the  tearing  of  the  veins  of  the 
choroid  plexus.  The  last  group  is  evidence  against  the  theory  of 
tentorium  injury  being  the  only  cause  of  cerebral  bleeding. 

Abels  places  the  causes  under  two  groups:  (1)  Tearing  of  the 
vessels  due  to  molding  of  the  head  in  such  cases,  as  contracted 
pelvis,  forceps  deliveries,  etc.;  (2)  backing  up  of  the  blood  in  the 
sinuses  and  veins  in  asphyxia.  He  points  out  that  during  labor 
the  pressure  on  the  fetus  is  raised  in  the  uterus,  and  especially 
before  the  membranes  are  ruptured,  is  evenly  distributed,  thus 
causing  no  congestion  or  stasis  of  the  blood  in  the  child's  head. 
But  when  the  head  is  born  it  is  released  from  the  uterine  pressure 
still  acting  on  the  body,  and  the  result  is  a  marked  congestion  or 
stasis  of  the  bloodvessels  of  the  head.  Since  the  skull  cannot 
expand  to  any  marked  degree  the  delicate-walled  \  eins  on  the  sur- 
face of  the  brain  may  become  extremely  engorged  and  often  rupture. 
The  sutures  permit  of  some  expansion,  and  Abels  thinks  that  this 
is  the  reason  hemorrhage  is  rarely  foimd  in  the  neighborhood  of 
the  sutures. 

Cushing  adopts  the  same  classification  as  Abels  and  says  that 
ruptiu-e  may  be  possible  in  marked  asphyxia,  just  as  it  may  be  pos- 
sible in  later  life  in  a  paroxism  of  whooping-cough  or  a  con\-ulsion. 
He  also  notes  the  frequency  of  rupture  of  the  veins  at  the  point 
of  entrance  into  the  longitudinal  sinus  and  points  out  that  in  infants 


4  WARWICK:   CEREBRAL  HEMORRHAGE   OF  THE   NEWBORN 

there  are  no  adhesions  between  the  dura  and  cerebral  hemispheres, 
thus  leaving  these  veins  unprotected  and  in  a  position  to  be  easily 
displaced  or  torn  by  the  overriding  of  the  parietal  bones  during  the 
molding  of  the  head. 

Seitz  made  an  effort  to  find  the  etiology  of  cerebral  hemorrhage 
in  the  newborn  by  making  a  careful  analysis  of  the  13  cases  which 
came  under  his  observation.  Of  these  infants  he  found  5  to  be  below 
and  8  above  average  weight,  suggesting  oversize  as  a  possible 
etiological  factor.  Of  the  13  mothers  7  were  primipara,  and  of  these 
4  were  over  thirty  years  of  age;  6  were  multipara,  and  of  these  4 
had  borne  many  children.  One-fourth  of  the  mothers  had  a  con- 
tracted pelvis,  but  in  none  was  it  marked.  Of  the  13  deliveries 
forceps  were  used  10  times,  leaving  only  3  spontaneous  births;  11 
of  the  13  babies  were  born  asphyxiated,  5  to  a  mild  degree  and  6  to 
a  marked  degree.  However,  of  the  3  unaided  deliveries  2  breathed 
spontaneously,  all  3  mothers  were  multipara,  none  had  narrow  pelves, 
none  had  lues,  the  births  were  all  rapid  and  the  cervices  all  quickly 
and  completely  dilated.  In  view  of  these  facts  the  explanation 
of  the  occurrence  of  the  hemorrhages  becomes  exceedingly  difficult 
or  obscure.  But  all  three  babies  were  large,  so  Seitz  reaches  the  con- 
clusion that  although  dilatation  appeared  complete  it  was  not  suffi- 
cient for  children  so  large,  and  in  the  rapid  delivery  the  head  was 
too  quickly  molded  and  injury  to  the  veins  was  the  result. 

All  authors  agree  on  the  predominance  of  bleeding  over  the  cere- 
brum, usually  limited  to  one  side.  It  is  also  frequently  pointed  out 
that  the  child  may  appear  normal  for  the  first  few  days  and  then 
develop  cerebral  symptoms.  Kundrat  thinks  that  many  of  these 
infants  recover  from  hemorrhage  resulting  from  birth  trauma  with- 
out developing  any  symptoms,  for  in  autopsies  on  children  several 
w'eeks  old  he  has  found  old  pigment  in  the  meninges  and  other  signs 
of  old  extravasated  blood.  Meara  and  Taylor  warn  against  "jack- 
knifing"  as  a  means  of  artificial  respiration,  on  the  ground  that  it 
increases  the  distention  of  the  cerebral  vessels  already  engorged 
by  the  asphyxia.  This  assumption  is  given  greater  weight  by  the 
occasional  discovery  of  subdural  and  extradural  hemorrhage  in  the 
spinal  column  following  such  manipulations.  But  to  Green  belongs 
the  credit  of  first  suggesting  hemorrhagic  disease  of  the  newborn 
as  a  cause  of  cerebral  hemorrhage. 

In  the  pediatrics  service  at  the  University  Hospital  during  the 
last  three  years  36  routine  autopsies  have  been  performed  on  still- 
born babies  or  those  dying  early  in  infancy.  In  this  series  18,  or 
50  per  cent.,  showed  definite  hemorrhages  in  the  dura,  over  the 
brain  or  in  the  ventricles.  Of  the  18,  10  occurred  in  females  and  8  in 
males.  If  one  takes  Seitz's  figure  of  3200  grams  as  the  average 
weight  of  a  full- term  child,  of  our  18  cases  11  were  of  average 
weight  or  below  and  only  7  above.  Of  the  18  mothers  11  were  primi- 
parse  of  these  11  only  1  was  over  thirty  years,  1  was  twenty- 
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nine  and  the  remaining  9  were  twenty-four  or  under.  Of  the  7 
multiparae  2  were  second  labors,  1  was  third,  1  was  fourth,  1  was 
fifth,  1  was  eighth  and  1  was  ninth.  Forceps  were  used  but  once,  and 
then  in  the  case  of  deUvering  a  mother,  critically  ill  with  pneumonia, 
of  a  six  months'  fetus.  In  only  2  cases  was  the  labor  very  long,  and 
in  both  of  these  cases  twins  were  born,  in  each  instance  the  first  one 
remaining  normal  while  the  second  showed  cerebral  hemorrhage. 
Of  the  18  babies  only  2  were  born  dead  and  4  exhibited  signs  of 
asphv'xiation,  while  the  remaining  12  breathed  spontaneously,  thus 
excluding  mechanical  asphyxia  as  a  major  factor  in  this  condition. 
Only  2  infants  appeared  normal  at  and  following  birth,  the  others 
showing  respiratory  symptoms  from  the  very  first. 

One  very  interesting  point,  however,  is  that  in  8  of  these  infants 
gross  hemorrhages  were  foimd  in  other  organs  besides  the  brain.  It 
thus  appears  quite  clear  that  in  a  fairly  large  percentage  of  cases 
showing  intracranial  hemorrhage  such  lesions  are  merely  incidental 
to  a  general  hemorrhagic  diathesis,  the  syndrome  being  usually 
grouped  under  the  heading,  "Hemorrhagic  Disease  of  the  New  born." 
Five  of  the  8  vomited  blood  before  death  and  showed  an  increased 
coagulation- time  of  the  blood.  Of  the  3  remaining  cases  without 
clinical  sjinptoms  1  revealed  besides  the  hemorrhage  over  the  brain 
an  extravasation  of  blood  into  the  right  adrenal,  another,  massive 
hemorrhages  in  the  lungs  and  the  third  hemorrhages  in  the  peri- 
cardium and  skin.  These  facts  emphasize  the  value  of  routine 
estimations  of  the  coagulation-time  on  the  blood  of  newborn  infants. 
Early  recognition  of  decreased  coagulability  of  the  blood  and  prompt 
treatment  of  such  cases  by  the  injection  of  whole  blood  or  serum 
might  obviate  otherwise  fatal  hemorrhages  in  the  brain  as  well  as 
other  organs.  Of  the  two  small  twins  each  born  alive  after  its  fellow 
the  condition  cannot  be  explained  on  the  ground  of  overweight  or 
of  only  partially  dilated  cervix,  but  one  showed  massive  hemorrhage 
in  the  lungs  as  well  as  over  the  brain  and  the  other  was  definitely, 
clinically  and  anatomically  hemorrhagic  disease. 

Kundrat  points  out  that  partial  atelectasis  of  the  lungs  is  always 
associated  with  cerebral  hemorrhage  and  is  almost  pathognomonic 
of  it.  While  our  necropsy  findings  show  that  the  two  conditions  are 
associated,  atelectasis  of  varying  degrees  was  also  found  in  infants  , 
not  showing  cerebral  hemorrhage.  Hence,  as  partial  atelectasis  may 
be  explained  by  the  short  period  of  life,  asphvTciation  or  prematurity, 
it  may  be  considered  as,  at  the  most,  merely  a  contributory  and  not 
as  a  primary  condition. 

The  location  of  the  hemorrhages  of  the  aperies  of  cases  from  the 
University  Hospital  conforms  well  with  other  observations  given 
above.  In  this  series  hemorrhage  over  the  cerebrum  and  limited  to 
one  hemisphere  occurred  six  times;  over  the  cerebrum,  cerebellum 
and  in  the  dura  three  times;  over  the  cerebrum,  cerebellum  and  in 
the  ventricle  once;  over  the  cerebrum  and  cerebellum  three  times; 
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over  the  cerebellum  once;  in  the  dura  alone  only  twice;  and  in  the 
ventricles  alone  twice.  Hemorrhage  over  the  cerebrum  either  alone 
or  with  other  parts  of  the  brain  is  found  in  a  total  of  13  cases,  or 
72  per  cent.  In  only  2  cases  was  softening  of  the  brain  under  the 
hemorrhage  noted,  and  this  occurred  in  the  oldest  in  the  series,  an 
infant  of  five  days,  and  in  a  premature  one  month  of  age.  In  the 
other  cases  doubtless  death  occurred  before  degenerative  changes 
could  take  place  in  the  brain  substance.  In  no  case  was  gross  hemor- 
rhage into  the  brain  substance  found.  None  of  these  infants  showed 
any  signs  of  congenital  syphilis,  and  only  one  mother  gave  a  positive 
Wassermann  reaction.  Only  four  were  born  prematurely.  The  high 
percentage  of  hemorrhages  in  these  cases  may  be  partially  due  to 
the  fact  that  very  few  emergency  or  acutely  ill  patients  are  admitted 
to  the  University  Hospital,  so  that  the  list  therefore  includes  few 
acute  diseases  of  either  mothers  or  infants  and  is  limited  to  births 
occurring  in  the  hospital. 

When  confronted  by  the  resume  of  the  literature  and  the  analysis 
of  the  cases  give  above,  one  is  impressed  by  the  comparative  fre- 
quency of  occurrence  of  cerebral  hemorrhage  in  newborn  infants 
and  also  by  the  number  and  confusion  of  the  etiological  factors 
claiming  attention.  A  classification  of  the  various  causes  which 
have  been  proposed  will  emphasize  this  latter  fact  and  also  form  a 
basis  for  a  discussion  of  their  relative  merits.  They  may  readily 
be  divided  into  three  main  groups: 

I.  Traumatic:  from  molding  the  head,  either  in  normal  or  pre- 
cipitate deliveries, 

1.  Over  the  cerebrum: 

(a)  Due  to  injury  of  the  longitudinal  sinus  or  its  tribu- 
tary vessels. 

2.  Below  the  tentorium : 

(a)  Due  to  injury  of  the  transverse  sinus  or  its  tribu- 
tary vessels. 

3.  In  the  ventricles: 

(a)  Due  to  injury  of  the  choroid  plexus. 

4.  In  the  dura. 

(a)  Due  to  elongation  of  the  head  with  pressure  of  brain 
against  dura  and  tentorium. 

II.  Congestion  or  stasis  with  rupture  of  veins  in  protracted  or 
complicated  labor  due  to: 

1.  Malpresentations. 

2.  Overgrowth  of  child. 

3.  Twins. 

4.  Umbilical  cord  around  neck. 

5.  Rigid  cervices  in  primipara. 

6.  Prolongation  of  the  interval  between  the  birth  of  the  head 

and  that  of  the  shoulders. 
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III.  A  diseased  condition  of  the  child  in  intra-uterine  life  and 
having  no  relationship  to  labor,  such  as: 

1 .  Hemorrhagic  disease  of  the  newborn. 

2.  Prematurity. 

3.  Syphilis. 

4.  Congenital  heart  disease. 

5.  Other  toxemias. 

Considering  the  subject  as  a  whole  it  becomes  at  once  clear  that 
the  most  frequent  source  of  this  bleeding,  regardless  of  cause,  is 
rupture  of  the  superficial  veins  which  pass  over  the  surface  of  the 
brain  into  the  longitudinal  sinus.  This  may  be  explained  by  the 
fact  that  these  veins  are  in  a  comparatively  unprotected  position, 
and  hence  more  susceptible  to  injury  from  either  displacement  or 
abnormal  distention.  Of  all  vessels  in  the  body  these  are  the  ones 
most  exposed  to  the  injuries  and  accidents  of  labor  and  birth. 

The  first  division  of  the  above  classification  represents,  theo- 
retically at  least,  one  of  the  most  common  causes  of  injury,  i.  e., 
overriding  of  the  parietal  bones  and  resulting  displacement  and 
laceration  of  the  veins.  For  this  condition  even  an  abnormal  labor  is 
not  necessary,  and  it  frequently  is  most  marked  in  normal  deliveries, 
especially  those  which  are  rapid  or  precipitate.  In  fact,  the  more 
rapid  the  delivery  the  less  chance  do  the  brain  and  vessels  have  to 
adjust  themselves  to  the  changed  relationships  and  the  greater  ten- 
dency there  is  to  injury.  This  point  is  emphasized  in  the  18  cases 
cited  above  in  which  only  2  showed  a  prolonged  labor.  In  the  over- 
riding of  the  parietal  bones  the  condition  is  naturally  the  most 
marked  on  one  or  the  other  side,  and  as  a  result  the  hemorrhage  is 
frequently  limited  to  one  cerebral  hemisphere,  as  was  noted  in  6 
cases  of  our  series.  Of  less  moment,  perhaps,  but  following  the  same 
principles,  the  changes  in  the  relation  of  the  occipital  bone  to  the 
parietals  may  account  for  hemorrhages  over  the  cerebellum,  and 
perhaps  in  certain  cases  even  those  originating  from  rupture  of  the 
choroid  plexuses.  The  hemorrhages  in  the  dura  only  may  be 
accounted  for  by  injury  to  the  tentorium  or  dura,  either  by  lacer- 
ation of  their  fibers  or  of  their  capillaries  in  the  twisting  or  elongation 
to  which  the  head  is  subjected  in  its  passage  through  the  birth  canal. 
The  use  of  forceps  is  often  advanced  as  an  explanation  of  these 
hemorrhages,  but  one  finds  in  the  18  cases  analyzed  above  that  for- 
ceps were  employed  but  once,  and  then  in  a  verj^  easy  delivery. 
There  is  little  doubt  that  this  factor  has  been  greatly  overemphasized. 
Their  usual  position  in  this  category  may  be  due  to  a  confusion  of 
the  ideas  of  cause  and  effect.  The  harm  is  doubtless  done  in  many 
instances  not  by  the  mechanical  injury  of  the  forceps  themselves, 
but  by  congestion  or  asphjTtiation  due  to  the  protracted  or  compli- 
cated labor  which  caused  the  attempt  at  artificial  aid  to  delivery. 

The  second  group  includes  those  cases  in  which  labor  is  prolonged 
and  the  resulting  congestion  and  overdistention  of  the  veins  lead 
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directly  to  hemorrhage  or  indirectly  to  rapid  degeneration  and  sub- 
sequent rupture,  just  as  in  later  life  undue  dilatation  of  a  cerebral 
vessel  may  result  from  a  paroxysm  of  whooping-cough  or  a  con- 
vulsion. Narrow  pelves,  malpresentations  or  an  abnormally  large 
child  are  self-explanatory  factors  in  producing  mechancial  obstruc- 
tion to  normal  birth  of  the  infant.  The  constriction  of  the  neck 
by  encircling  with  the  umbilical  cord  is  also  a  fairly  common  cause 
of  asphyxiation.  A  long  time  elapsing  between  the  birth  of  the  head 
and  that  of  the  shoulders  may  result  in  a  marked  congestion  of  the 
cerebral  veins,  due  to  the  fact  that  while  the  head.is  free  the  body  is 
still  subjected  to  uterine  pressure  and  the  blood  is  forced  out  of  the 
body  into  the  head.  In  the  case  of  twins  the  first  child  may  be 
normal  while  the  second,  even  though  delivered  quickly,  will  show 
marked  congestion  because  of  too  long  delay  in  birth.  In  respect  to 
primipara  it  is  interesting  to  note  that  in  the  cases  above  cerebral 
hemorrhage  occurred  more  frequently  in  young  primipara  mothers 
than  in  older  ones.  The  difficulty  here  is  doubtless  due  to  rigidity 
of  the  cervix,  with  resulting  slow  and  imperfect  dilatation  in  the 
first  labor,  and  this  occurs  in  young  as  well  as  older  women. 

In  the  third  group  of  cases  the  cause  of  the  hemorrhage  undoubt- 
edly is  in  the  fetus  and  has  little  or  no  relationship  to  the  process  of 
labor  itself  or  the  conditions  accompanying  birth.  In  this  division 
hemorrhagic  disease  of  the  newborn  deserves  by  far  the  most  impor- 
tant place  because  of  the  comparatively  large  number  of  deaths 
with  cerebral  hemorrhage  showing  this  condition.  It  accounts 
for  the  death  of  8  of  the  36  cases  in  our  series.  One  is  justified  in 
emphasizing  the  importance  of  this  disease  because  of  the  fact  that 
it  has  been  largely  disregarded  in  the  past.  Prematurity,  while  not 
an  actual  disease,  is  placed  here  because  it  represents  a  pathological 
condition  of  the  child  rather  than  of  the  mode  of  birth.  Under- 
development of  the  body  as  a  whole  naturally  includes  abnormally 
delicate  bloodvessel  walls  and  hence  greater  liability  to  rupture  from 
any  cause.  Moreover,  the  conditions  which  have  produced  a  pre- 
mature birth  are  often  those  which  have  also  brought  about  patho- 
logical changes  in  the  tissues,  including  the  bloodvessels,  and  this 
has  increased  the  possibility  of  accident.  It  is  important  to  note  in 
this  connection  that  nearly  one-fourth  of  the  autopsies  in  our  series 
of  cerebral  hemorrhages  were  on  premature  infants. 

Syphilis  is  perhaps  given  undue  importance  as  an  etiological 
factor.  In  none  of  the  18  cases  of  our  series  was  there  any  evidence 
of  this  disease.  Weyhe  claims  a  place  for  it,  and  the  importance  of 
syphilitic  degeneration  of  the  vessel  walls  cannot  be  denied  as  a 
possible  cause  of  early  rupture.  As  a  rule,  however,  the  disease 
itself  usually  accounts  for  the  death  of  the  child  and  cerebral 
hemorrhages  do  not  appear  to  be  a  common  complication.  The 
influence  of  congenital  heart  disease,  particularly  those  forms  which  ' 
interfere  with  the  development  of  a  normal  extra-uterine  circulation 
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and  the  resulting  abnormal  congestion  thus  produced,  is  a  self- 
evident  cause  of  the  occasional  appearance  of  complicating  and  intra- 
cranial hemorrhage.  This  point  is  well  illustrated  in  one  of  our 
series  in  which  the  heart  presented  an  absence  of  the  interventricular 
septum,  and  from  this  common  ventricle  only  one  arterial  trunk 
carried  away  the  blood  destined  for  both  pulmonary  and  systemic 
circulation,  the  mixture  of  which  must  unavoidably  lead  to  pro- 
found asphyxiation. 

Lastly  under  this  heading  must  be  placed  certain  cases  in  which 
the  exact  cause  of  the  hemorrhage  is  by  no  means  clear  but  in  which 
a  diverse  group  of  intoxications  occurring  in  the  mother  may 
reasonably  be  assumed  as  having  an  important  relation  to  antenatal 
degeneration  and  weakening  of  the  vessel  walls.  An  example  of 
this  was,  in  our  series,  the  small  six  months'  fetus,  quickly  delivered 
from  a  mother  d\Tng  of  lobar  pneumonia,  which  showed  marked 
cerebral  hemorrhage. 

In  conclusion,  a  general  consideration  of  cerebral  hemorrhage  in 
newborn  infants  emphasizes  two  very  important  facts:  (1)  that  the 
condition  is  often  a  complex  disease  s^Tidrome  giving  rise  to  diverse 
clinical  symptoms,  modes  of  death  and  pathological  findings,  and 
(2)  that  it  is  not  brought  about  by  any  single  cause  but  by  an  inter- 
relation and  interaction  of  a  varying  number  of  causes  which  may 
be  found  in  the  circumstances  governing  labor  in  the  condition  of  the 
mother  or  of  the  child.  Several  causes  may  often  be  present,  any 
one  of  which  in  itself  might  have  been  the  responsible  factor. 

SooiARY.  1.  Cerebral  hemorrhage  of  the  newborn  is  frequently 
found,  occurring  in  50  per  cent,  of  36  deaths  of  young  infants  at  the 
University  Hospital. 

2.  The  condition  is  brought  about  by  trauma  in  normal  or  rapid 
deliveries,  by  congestion  or  asphyxiation  in  slow  deliveries  or  by 
disease  of  the  child  itself. 

3.  The  so-called  "hemorrhagic  disease  of  the  newborn"  is  a 
much  neglected  but  very  important  cause  of  cerebral  hemorrhage  in 
infants,  occurring  in  44  per  cent,  of  the  deaths  of  our  series. 

4.  Forceps  deliveries,  advanced  age  of  the  primipara  mother  and 
syphilis  probably  do  not  play  as  important  a  role  in  the  etiology  of 
this  condition  as  was  formerly  supposed. 

5.  More  careful  and  complete  routine  autopsies  on  newborn 
infants  as  well  as  more  accurate  observations  on  the  conditions  of 
the  mothers  and  circumstances  of  the  birth  are  needed  as  a  founda- 
tion for  further  studies. 

I  am  indebted  to  the  department  of  pediatrics  for  obtaining  per- 
mission for  these  autopsies  and  to  the  department  of  obstetrics  for 
their  careful  records  on  their  parturition  charts. 
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